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AN    INVESTIGATION    OF   THE    PROPERTIES    OF 
CHILLED  IRON  CAR  WHEELS 

PART  I.     WHEEL  FIT  AND  STATIC  LOAD  STRAINS 

I.     Introduction 

1.  Preliminary: — The  car  wheel  is  one  of  the  important  factors 
which  have  made  possible  the  great  development  of  transportation 
facilities  that  has  occurred  within  the  past  seventy  years.  Although 
during  this  time  many  types  of  car  wheels  have  been  utilized,  only  five 
have  come  into  common  use,  thus  demonstrating  their  general  fitness  to 
meet  the  severe  service  conditions  now  existing.  These  five  types  are 
the  rolled  steel  wheel,  the  forged  steel  wheel,  the  cast-steel  wheel,  the 
built-up  wheel,  and  the  chilled  iron  wheel.  The  first  three  types  are 
manufactured  by  processes  and  of  materials  indicated  by  their 
names.  The  built-up  wheel,  as  the  name  suggests,  consists  of  either 
a  spoked  wheel  of  cast-iron,  or  a  disc,  upon  the  periphery  of  which  is 
attached  a  tire  of  rolled  steel. 

The  chilled  iron  wheel  is  essentially  a  cast-iron  wheel  whose 
tread,  or  that  part  of  the  wheel  which  comes  in  contact  with  the  track, 
consists  of  an  extremely  hard  metal  capable  of  resisting  both  excessive 
deformation  and  wear,  while  the  remainder  of  the  wheel  consists 
of  relatively  soft  and  easily  machined  cast-iron.  The  hardened  tread 
is  produced  by  chilling  the  outer  circumference  or  tread  of  the  wheel 
when  the  metal  is  poured.  A  more  detailed  description  of  the  chilled 
iron  wheel,  with  such  additional  information  regarding  its  manu- 
facture and  properties  as  may  be  of  service  in  the  interpretation  of 
the  results  of  this  investigation,  is  presented  in  Appendix  A,  page  75. 
In  service,  the  use  of  the  built-up  wheel  is  confined  almost  wholly  to 
passenger  coaches,  locomotives,  and  tenders,  whereas  the  rolled, 
forged,  and  cast-steel  wheels,  and  the  chilled  iron  wheel  are  in  use 
under  locomotive  tenders,  passenger  coaches,  and  freight  cars.  For 
various  reasons  the  use  of  steel  wheels  predominates  in  passenger 
service,  while  the  relative  cheapness  of  chilled  iron  wheels,  together 
with  certain  other  advantages  they  possess,  makes  their  use  almost 
universal  for  freight  service. 
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Seventy  years  of  transportation  history  show  a  very  great 
increase  in  car  capacity,  and,  as  a  consequence,  greatly  increased  wheel 
loads  both  in  freight  and  in  passenger  service;  yet  the  same  period 
of  time  does  not  show  a  proportionate  increase  in  the  size  and 
presumably  in  the  strength  of  the  car  wheels  used,  a  fact  which  is 
especialh'  true  with  relation  to  the  chilled  iron  car  wheel  used  in 
freight  service.  As  an  example,  the  wheel  load  in  freight  car  service 
has  increased  from  5  000  lbs.  on  the  10-ton  capacity  car  of  1870,  to 
25  000  lbs.  on  the  70-ton  capacity'  car  of  the  present  time,  an  increase 
of  400  per  cent.  During  the  same  time  the  weight  of  the  wheel  has 
been  increased  from  525  lbs.  for  the  5  000-lb  wheel  load  to  850  lbs. 
for  the  25  000-lb.  wheel  load,  or  an  increase  of  60  per  cent.  From 
comparisons  of  this  kind  it  is  evident  that  increase  in  wheel  load  has 
not  been  accompanied  by  a  corresponding  increase  in  the  weight  of 
the  wheel.  As  the  chilled  wheel  of  today  is  carrying  the  imposed 
loads  with  a  low  percentage  of  failures,  it  seems  evident  that  unduly 
large  factors  of  safety  ma^^  have  beru  i)resent  in  the  earlier  period. 
Furthermore,  the  conclusion  may  be  drawn  that,  if  the  policy  of 
increasing  wheel  loads  continues  without  providing  proportionate 
increase  in  wheel  weight,  a  time  will  eventually  arrive  when  the 
wheel  no  longer  can  w^ithstand  the  imposed  loadings. 

Considering  the  relatively  small  amount  of  trouble  that  car 
wheels  in  general  have  given  heretofore,  and  referring  in  particular 
to  the  chilled  iron  wheel,  it  is  not  surprising  to  find  that  but 
little  experimental  Avork  has  been  done  with  regard  to  car  wheel 
problems.*  As  a  consequence,  llie  stresses  and  strains  in  car  wheels 
due  to  various  service  conditions  have  been  largely  a  matter  of  specu- 
lation and  conjecture,  based  mainly  on  the  relatively  small  amount  of 
information  available  from  failures  of  wheels  in  service.  By  a  careful 
analysis  of  these  failures,  railroads  and  wheel  manufacturers,  inde- 
pendently at  first,  then  in  small  groups,  and  latiM-  in  conjunction  with 
the  Master  Car  Builders  Association,  have,  with  comparatively  slight 
changes  in  design  and  through  moderate  additions  of  metal,  been 
able  to  produce  wheels  which  have  at  all  times  satisfied  service  require- 
ments. 


*  Report  of  Tests  to  Determine  the  Stress  in  the  Plate  of  Cast  Iron  Wheels  Due  to  the 
Heat  Produced  by  the  Brake  Shoe.  L.  E.  Endsley.  Proc.  West.  Ry.  Club,  p.  194,  Mar. 
27,   ini4. 

Staiulardization    of    Chilled    Iron    Crane    Wheels.       F.    K.    Vial.      Proc.    .V.    S.    M.    E.. 
Dec.    1914. 
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Owing  to  rlic  desirability  of  obtaining  definite  information  con- 
cerning the  nuigiiitude  and  distiMbution  of  stresses  in  cliilled  car 
wheels  and  of  determining  the  limitations  of  these  wheels  as  used 
today,  and  with  a  further  view  of  improving  the  chilled  iron  wheel 
in  order  to  meet  future  re(iuiremejits,  a  cooperative  agreement  was 
entered  into  by  the  Association  op  Manupacturers  op  Chilled  Car 
Wheels  and  the  University  op  Illinois.  Essentially  the  agreement 
provided  that  the  Association  furnish  funds  for  all  special  equip- 
ment required  and  defray  all  expenses  incident  to  carrying  on  the 
investigation,  and  that  through  its  Engineering  Experiment  Station, 
the  University  conduct  the  research,  provide  the  use  of  available  labora- 
tories, shops,  and  office  facilities,  and  publish  a  report  of  the  results. 
The  principal  items  of  the  agreement  are  presented  in  Appendix  C, 
page  94.  After  the  approval  of  the  agreement,  committees  under 
whose  direction,  the  work  should  be  carried  on  were  formed,  and  a 
conference  was  held  in  March,  1916,  at  which  a  tentative  program  was 
laid  out. 

2.  iicope  of  Investigation. — The  original  program  was  re- 
vised and  extended  at  various  times  until  it  has  embraced  tests  to 
determine : 

(1)  the  strains  caused  by  mounting  the  wheel  on  its  axle; 

(2)  the  strains  caused  by  the  static  or  wheel  loads ; 

(3)  the  ultimate  breaking  strength  of  flanges,  and  strains 
caused  by  flange  pressure; 

(4)  the  strains,  due  to  temperature  gradients  in  the  wheel, 
caused  by  brake  a])plicatioii; 

(5)  incidental  problems  related  to  the  above. 

The  present  bulletin  gives  the  results  of  a  series  of  strain-gage 
tests  in  connection  with  the  items  (1)  and  (2)  just  mentioned;  that' 
is,  tests  made  to  determine  the  strains  produced'  within  the  wheel  by 
mounting  it  on  its  axle,  and  by  the  application  of  wheel  loads. 
The  strain  within  the  wheel  caused  by  forcing  it  on  an  axle  was  first 
determined  for  two  33-in.  725-lb.  M.  C.  B.  wheels.  The  same  pair 
of  mounted  wheels  was  then  subjected  to  static  loads  ranging  from 
20  000  to  200  000  lbs.  per  wheel,  and  the  resulting  strains  noted.  The 
loading^  effect  was  produced  by  applying  the  load  to  the  axle  by  means 
of  a  testing  machine,  and  allowing  the  wheels  to  transmit  it  to  a  pair 
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of  rails,  the  conditions  being  similar  to  those  found  in  service.  A 
similar  set  of  tests  was  carried  out  with  a  pair  of  33-in.  740-lb.  Arch 
Plate  type  of  wheels.  Additional  tests  for  the  purpose  of  obtaining 
more  complete  information  concerning  the  mounting  strains  than 
was  given  by  the  above  mentioned  tests  were  then  made  upon  a  pair 
of  33-in.  725-lb.  M.  C.  B.  wheels.  The  reporting  of  the  results  of 
the  mounting  and  static  tests  upon  the  wheels  just  mentioned  is  the 
purpose  of  the  present  bulletin.  It  is  intended  to  publish  additional 
reports  dealing  with  tests  to  determine  the  ultimate  strength  of  flanges, 
the  effect  of  flange  pressure,  and  the  effect  of  brake  applications, 
together  with  the  related  problems  of  brake  friction  and  the  thermal 
expansion  of  cast-iron. 
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making  some  early  tests,  and  getting  the  work  under  way.  The  com- 
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II.     Problem   of   Car   Wheel  Under  Load 

4.  General  Statement  Concerning  Wheel  Loading. — A  car  wheel 
in  service  is  subjected  to  conditions  which  produce  stress  within  the 
wheel.  These  stress-producing  conditions  may  exist  in  a  great  variety 
of  combinations,  and  give  rise  to  stresses  of  a  more  or  less  complex 
nature.    The  principal  causes  of  stress  in  a  car  wheel  are : 

(1)  manufacturing    processes,    which    may    cause    initial 
stresses ; 

(2)  forcing  the  wheel  on  the  axle,  or  mounting; 

(3)  the  proportion  of  the  car  loading  supported  by  one 
wheel ; 

(4)  the  lateral  pressure  on  the  wheel  flanges  produced  by 
rounding  curves,  by  wind,  or  by  the  unevenness  of  the  track; 

(5)  non-uniform  temperatures  in  the  wheel  caused  by  brake 
application ; 

(6)  centrifugal  force,  when  the  speed  is  high. 
Rotation,  moreover,  complicates  the  problem  still  further  by  intro- 
ducing impact  and  repeated  stresses. 

Important  initial  stresses,  if  existent,  can  be  traced  to  improper 
manufacture.  The  process  of  annealing*  has  for  its  object  the 
elimination  of  this  type  of  stress,  and,  if  it  is  properly  performed, 
either  removes  the  initial  stresses  entirely  or  reduces  them  to  small 
magnitude.  Concerning  the  magnitude  and  distribution  of  this  type 
of  stress,  relatively  few  definite  data  exist.! 

After  being  cast,  the  wheel  is  bored  slightly  smaller  than  its  axle 
and  forced  upon  it.  In  general,  this  mounting  of  the  wheel  on  its 
axle  produces  compression  in  radial  directions  and  tension  in  tangential 
directions  throughout  the  entire  wheel.  The  intensity  of  these  stresses 
is  greatest  at  the  bore  and  decreases  toward  the  tread  until  the  inter- 
section of  the  inner  and  outer  plates  is  reached,  at  which  point  there 
may  be  a  slight  increase  in  magnitude,  beyond  which  a  decrease  again 
occurs.  At  the  rim  or  tread  of  the  wheel  these  stresses  become  neg- 
ligible. 

*  See  Appendix  A,   i).   45. 

tlnterstate  Commerce  Commission.  Report  of  the  Chief  of  the  Bureau  of  Safety,  Covering 
the  Investigation  of  an  Accident  which  Occurred  on  the  New  York  Central  Railroad  near 
Waterloo,   Indiana,  March  21,    1917,  pp.   8-10. 
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On  being  i)laced  in  service,  the  wheel  doubtless  encounters  con- 
ditions that  produce  an  exceeding!}^  complex  stress  distribution  within 
it.  The  static  load,  or  proportional  part  of  tl;ie  total  weight  of  the 
loaded  car,  is  transmitted  by  the  axle  to  the  wheel  and  through  it  to 
the  rail.  As  a  consequence,  tensile  and  compressive  stresses  of  vary- 
ing intensity  are  set  up  in  all  parts  of  the  wheel.  The  compressive 
stress  produced  by  the  static  load  is  at  a  maximum  on  the  radial 
line  connecting  the  center  of  the  v/heel  and  the  point  where  the  rail 
is  in  contact  with  the  wheel.  No  general  statement  can  be  made  as 
to  where  the  actual  maximum  stress  occurs  on  this  radial  line. 

The  order  in  which  additional  stresses  occur  in  the  wheel  is 
necessarily  determined  by  the  conditions  under  which  the  wheel  is 
operating.  Lateral  pressure  on  the  wheel  flange  when  rounding  a 
curve  adds  to  or  liiodifies  stresses  already  existing  iu  the  wheel.  Both 
the  static  load  and  flange  thrust  stresses  may  be  considerably  aug- 
mented by  impact,  as  in  the  case  when  heavily  loaded  cars  operate  on 
imperfectly  aligned  track,  or  strike  guard  rails  and  crossings  at  high 
speed.  The  application  of  the  brakes  for  purposes  of  car  retardation 
generates  heat  that  must  be  dissipated  by  the  brake  shoe  and  the  wheel. 
Within  the  wheel  this  dissipation  of  heat  produces  unequal  tempera- 
tures or  gradients  between  different  points,  with  resultant  stresses.  If 
not  properly  handled  by  operating  men,  long  continued  brake  applica- 
tion, such  as  occurs  in  mountainous  regions,  may  occasion  abnormal 
stresses  and  be  a  source  of  trouble,  with  attendant  possibilities  of 
serious  disaster.  Centrifugal  force  or  a  hot  journal  may  play  a  part 
in  causing  undue  stress  within  a  wheel.  Due  to  rotation,  moreover, 
all  the  stresses  present,  excepting  initial  stresses  and  those  due  to 
mounting,  occur  as  re])ented  stresses,  thereby  still  further  complicating 
the  general  problem. 

Of  the  more  important  means  of  producing  internal  stress  in  the 
wheel  it  nuiy  be  genei-ally  stated,  with  the  exceptions  subse(piently 
noted,  that  the  mounting  of  the  wheel  and  the  static  load  tend  to 
produce  compressive  stresses  in  a  radial  direction,  which  stresses  may 
be  wholly  or  partially  relieved  or  even  reversed  by  tensile  stresses  due 
to  centrifugal  force  and  brake  application.  On  the  outer  face  of  the 
wheel  the  stresses  due  to  flange  thrust  are  cunudative  with,  while  on  the 
inner  face  they  are  opposed  to,  those  caused  by  centrifugal  force  and 
b]*ake  ai)plicati()n. 
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ThroLigliout  the  investigation  the  attempt  has  been  made  to 
simulate  service  conditions  in  tlie  methods  used  in  loading  the  wheels 
in  so  far  as  the  laboratory  facilities  would  permit.  In  addition  to 
this,  most  of  the  wheels  tested  were  subjected  to  conditions  exceeding 
in  severity  those  which  would  result  from  normal  wheel  service.  Tlie 
wheels  tested  were  for  the  most  part  taken  at  random  from  the  stock 
of  the  Grififin  Wheel  Company,  and  are  assumed  to  be  representative 
of   their   respective   types. 

5.  Evaluation  of  Stresses  Existing  in  a  Loaded  Car  Wheel. — 
An  examination  of  the  section  of  a  chilled  car  wheel  indicates  that, 
for  purposes  of  analysis,  it  might  be  considered  as  a  series  of  curved 
plates  in  which  the  outer  edge  of  one  becomes  the  inner  edge  of  a 
succeeding  one,  or  vice  versa;  furthermore,  that  the  stresses  existent 
in  any  individual  section  would  be  a  function  of  those  occurring  in 
adjacent  sections.  Attem^jts  have  been  made  to  derive  the  tlioory 
underlying  curved  plates,  but  as  yet  no  satisfactory  analysis  has  been 
made.  Until  such  an  analysis  is  available  it  will  probably  l)e  impossible 
to  predict  the  intensity  or  distribution  of  stresses  in  a  car  vviieel 
by  analytical  methods.  Hence,  when  it  becomes  either  necessary  or 
desirable  to  know  the  conditions  of  stress  in  a  shape  as  complex  as 
that  of  a  car  wheel,  an  experimental  method  aids,  although  it  does 
not  completely  succeed,  in  solving  the  problem. 

From  the  foregoing  it  can  be  seen  that  the  general  problem  is  a 
complex  one  and  that,  due  to  the  irregular  shape  of  the  wheel,  it 
cannot  at  present  be  satisfactorily  analyzed  by  theoretical  methods. 
Accordingly  the  attempt  has  been  made  to  determine,  as  far  as  is 
possible  by  experimental  methods,  the  individual  effects  caused  by 
the  principal  loads  producing  stress  in  a  car  wheel,  and  in  several 
cases  to  determine  their  cunnilative  or  combined  effect.  Having  found 
the  individual  effects,  combinations  can  then  be  estimated  for  any 
assumed  operating  condition  with  greater  precision  than  has  hereto- 
fore been  possible. 

It  is  evident  that  the  problem  of  the  car  wheel  under  load  is  one 
of  compound  stress;  that  is,  stress  in  more  than  one  direction. 
Throughout  this  report  the  term  stress  has  been  used  to  indicate  the 
stress  which  would  exist  in  the  material  under  observation  if  subjected 
to  either  simple  tension  or  simple  compression,  and,  under  these 
conditions,  deformed  to  an  extent  equal  to  the  measured  strain.     The 
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strains  measured  in  these  investigations  constitute  the  fundamental 
data  taken,  and  these  measured  strains  are  for  the  most  part  due  to 
the  effect  of  more  tlian  one  stress  acting  witliin  the  material;   that  is, 
they  are  due  to  compound  stress.     Concerning  compound  stress  there 
are  three  theories  more  or  less  generally  accepted,  none  of  which, 
however,  can  be  considered  Avholly  acceptable  in  the  determination 
of  the  actual  stresses  existing  within  cast-iron  subjected  to  such  loads 
as   car   wheels   necessaril}'   carry.      These   three   theories   are   known 
respectively  as   the  maximum  shear,   the   maximum   stress,   and   the 
maximum  strain  theory.*    It  seems  safe  to  assume  that  the  maximum 
shear  theory  does  not  apply  to  cast-iron,  and  should  not  be  used  in 
connection  with  the  problem  in  hand.    The  application  of  the  maximum 
stress  theory  would  in  general   lead  to   a  lower   evaluation  of  the 
existing  stresses  than  would  an  application  of  the  maximum  strain 
theory.     The  computed  stresses  which  are  presented  and  discussed 
throughout   the   report   are   determined   from   the   measured   strains 
and  a  stress-strain  relation  determined  from  specimens  tested  under 
simple  tension  and  simple  compression.    As  reported,  therefore,  they 
are  not  in  general  the  stresses  which  exist  in  the  wheel,  and  may  not 
be  used  as  a  measure  of  the  resistance  developed  in  any  section  in 
the  way  that  a  simple  stress  is  used.    The  values  of  the  stress  are  given 
to  allow  the  reader  to  use  these  approximate  values  of  a  more  familiar 
concept  than  strain.     The  word  stress  has  throughout  the  discussion 
frequently  been  qualified  by  the  use  of  the  expression  "corresponding 
simple"  when  referring  to  the  stresses  computed  from  the  measured 
strain  and  the  stress-strain  relation  used ;  and  this  expression  has  been 
used  to  call  attention  to,  and  to  emphasize  the  fact  that  the  stresses 
under  consideration  are  for  the  most  part  computed  from  measured 
strains   resulting    from    compound   stress   and   from    a    stress-strain 
relation  based  upon  simple  tension  and  compression. 

As  the  available  information  concerning  the  theories  does  not 
appear  to  indicate  definitely  that  any  of  them,  either  separately  or 
in  combination,  should  be  applied  in  the  case  of  cast-iron,  it  is  felt 
desirable  that  the  matter  of  the  actual  severity  of  these  stresses  should 
be  considered  as  held  in  abeyance  at  this  time.  The  report,  more- 
over, is  not  intended  to  present  figures  which  can  be  taken  as  exact 


*  For   a   brief   discussion    of   these   theories    see,      "Tlie    Strength    and    Stiffness    of    Steel 
Under  Biaxial  Loading."     Univ.  of  111.  Kng.  Exp.  Sta.,  Bui.  85,  1915. 
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values  of  the  actual  stresses  existing  where  the  strains  from  which 
the  values  given  were  calculated  are  produced  by  compounded  stress. 
No  attempt  has  been  made  to  report  exact  values  for  the  stresses 
existing  in  the  wheels  under  conditions  of  actual  service,  as  this  report 
is  concerned  only  with  the  stresses  produced  through  two  kinds  of 
wheel  loading,  namely,  mounting  and  static  loading.  The  stresses 
resulting  from  these  two  forms  of  loading  may  be  materially  modified 
by  additional  stress-producing  factors  to  which  a  wheel  may  be  sub- 
jected in  service.  The  usual  stress  condition  produced  in  the  parts  of 
the  car  wheel  by  mounting,  and  through  the  application  of  static 
loads,  is  that  of  material  subjected  to  tension  in  one  direction  and 
compression  in  a  direction  at  right  angles  thereto.  This  condition 
produces  a  deformation  or  strain  in  the  direction  of  either  stress, 
which  is  greater  than  would  be  produced  by  the  stress  in  that  direction 
acting  alone.  Any  estimates  regarding  factors  of  safety,  based  upon 
the  stresses  reported  for  the  mounting  and  static  load  tests,  and 
considered  as  applying  to  the  chilled  iron  wheel  or  its  parts,  could 
therefore  be  properly  considered  as  conservatively  estimated;  that 
is,  if  the  actual  stresses  could  be  determined,  it  is  probable  that  this 
would  not  involve  a  reduction  in  the  estimated  values  of  the  factors 
of  safety,  but  would  rather  justify  increased  values  for  them.  In 
this  report  no  attempt  has  been  made  to  indicate  values  for  factors 
of  safety. 
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II  r.     Physical  Properties  of  Chilled  Car  Wheel  Irons 

().  Sclectloit  and  Treatment  of  ISprciuiens. — In  order  to  assist 
ill  interpreting-  the  data  obtained  in  the  tests  made  on  the  car  wheels, 
a  juimber  of  specimens  of  wheel  irons  were  taken,  both  from  wheels 
tested,  and  as  coupons  from  the  foundry  ladle.  Some  of  the  properties 
of  these  specimens  which  were  of  most  importance  to  the  investigation 
Avere  determined. 

In  general,  in  discussions  pertaining  to  the  strength  of  materials 
it  is  customary  to  consider  the  matter  in  terms  of  stress,  where 
stress  is  that  internal  force  which,  when  a  body  is  subjected  to  external 
forces,  tends  to  hold  the  molecules  in  their  original  relation  and  to 
preserve  the  integrity  of  the  bod}'.  The  fundamental  data  obtained 
in  these  tests  were,  however,  strains  or  deformation  measurements. 
Hence,  to  facilitate  interi)retatioii  of  the  strain  data  in  terms  of 
stress,  it  became  necessary  to  have  a  knowledge  of  the  stress-stain 
relation  of  the  metal  used  in  car  wheels.  This  relation  was  determined 
by  applying  a  known  load  to  the  metal  under  test,  and  measuring  the 
corresporwiing  elongation  or  contraction ;  then,  by  calculation  from  the 
load  and  the  deformation,  were  obtained  the  stress  per  unit  area  and 
the  strain  per  unit  length,  respectively.  Measurement  of  the  strain, 
along  with  a  knowledge  of  the  relation  between  stress  and  strain, 
permitted  an  evaluation  of  the  stress  produced.  Accordingly  the 
stress-strain  data,  and  in  addition  the  ultimate  strength  and  modulus 
of  elasticity,  were  determined  for  the  car  wheel  and  coupon  specimens 
obtained.  Since  the  stress-strain  relation  is  dependent  largely  upon  the 
composition  of  the  metal,  chemical  analj'ses  were  made  to  determine 
total  carbon,  combined  carbon,  silicon,  manganese,  phosphorous,  and 
sulphur.  Hardness  tests,  both  by  the  Brinell  method  and  with  the 
scleroscope,  were  also  madei  in  an  attempt  to  associate  the  quality  of 
liardness  with  other  properties  of  the  metal.  The  origin,  shape,  and 
treatment  of  the  specimens,  together  with  the  results  of  the  chemical 
and  physical  tests,  are  shown  in  Table  1  and  in  Figs.  1  to  5  inclusive. 

On  account  of  the  irregular  shape  of  the  wheel  (see  Fig.  1, 
a  and  h)  in  the  region  between  the  hub  and  the  inner  side  of  the  tread, 
it  was  difficult  to  remove  specimens  of  any  considerable  length.  For 
this  reason  the  s])ecimens  removed  from  the  wlicel  and  used  for  the 
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Fig.  1.     Origin  of  Test  Specimens  as  Cut  from  Wheels 
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"Fig.  2.     Details  op  Test  SpEcniENS 


tension  tests  did  not  conform  to  the  dimensions  recommended  by  the 
American  Society  for  Testing  Materials.  The  treatment  to  which  the 
specimens  were  subjected  varied.  In  the  case  of  specimens  taken  from 
the  wheel,  the  removal  was  made  after  the  wheel  had  been  cooled  or 
annealed,  as  shown  in  the  table.  The  coupons  were  cast  in  sand  molds, 
and  were  either  allowed  to  cool  in  the  sand,  or,  after  solidification, 
were  placed  in  the  pit  with  the  wheel  they  represented.  The  number  of 
specimens  already  tested  is  small,  but  it  is  hoped  that  in  time  a 
sufficient  number  of  like  specimens  may  be  subjected  to  tests  so  that 
a  more  complete  study  of  the  physical  properties  of  car  wheel  irons 
ma}'  be  made. 
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7.  C/ioiiical  Analijscs. — The  clieniical  analyses  were  made  in  llie 
laboratory  of  the  GrifBn  Wheel  Company,  Chiea^o.  The  amounts 
of  the  various  elements  pi-esent  in  the  si)eeimens  are  shown  in  Table  1 
a!id  are  expressed  in  per  cent. 

8.  Strcss-IStrai)i  Relation. — For  these  determinations  a  lOUUUO-lb. 
Riehle  Universal  Testing  machine,  using  spherical  seated  holders  or 
bearing'  blocks,  was  used.    The  machine  was  stopped  for  readings. 

A  Ewing  extensometer  reading  directly  to  0.000071  in.  per  in., 
nmde  by  the  Cambi-idge  Instrument  Company,  was  used  in  measuring 
the  strains  on  the  specimens  shown  in  Fig.  2,  a  and  h.  For  the  2-in. 
specimens  an  extensometer  reading  directly  to  0.000025  in.  per  in. 
was  used,  and  for  the  8-in.  specimens  an  instrument  reading  directly 
to  0.000062  in.  per  in.*  The  modulus  of  cast-iron  being  a  variable, 
it  was  thought  that  the  secant  modulus!  corresponding  to  a  stress  of 
5  000  lbs.  per  sq.  in.  wonld  permit  suitable  comparison,  and  the  mod\di 
are  thus  reported. 

As  no  two  of  the  specimens,  even  when  cnit  from  the  same  wheel, 
gave  identical  stress-strain  relations,  and  as  it  would  obviously  be 
impractical  to  cut  a  test  specimen  from  each  of  the  positions  in  the 
wheel  at  Avhich  the  strains  were  measured,  it  was  necessary,  in  order 
to  evaluate  the  stress  from  the  strains  as  measured  on  the  car  wheel, 
to  deduce  two  stress-strain  curves  w^liich  might  be  assumed  to  be 
representative  of  wheel  iron  in  tension  and  in  compression,  respectively. 
For  this  purpose,  the  results  for  the  13  tension  specimens,  B^  to  F^, 
inclusive,  (see  Table  1)  were  averaged,  and  from  the  mean  a  curve 
was  drawn.  In  a  similar  w^ay  the  mean  compression  stress-strain  curve 
was  obtained  from  the  12  compression  specimens,  E^  to  C^  inclusive. 
As  stated  above,  these  two  curves,  Fig.  6,  were  assumed  to  show,  re- 
spectively, representative  tensile  and  compressive  stress-strain  relations 
for  chilled  wheel  irons,  and  are  the  curves  upon  which  the  stresses  here- 
after given  are  based. 

9.  Hardness. — The  hardness  by  the  sclcroscope  method  was 
determined  with  a  Shore  sclcroscope  made  by  the  Shore  Instrument 

*  An  illustration  of  the  latter  two  instruments  is  shown  in  '"The  Relation  between  the 
Elastic  Stren^h  of  Steel  in  Tension  Compression  and  Shear.''  Univ.  of  111.  Eng.  Exp.  Sta., 
Bui.   115.  Fig.  4,  p.  12,    1919. 

t  Secant  modulus  is  defined  as  the  slope  of  a  straight  line  connecting  the  origin  of  the 
stress-strain  curve  and  some  arbitrarily  chosen  point  on  the  curve,  the  curve  itself  being 
plotted  with  unit  stress  as  ordinates  and  unit  strains  as  abscissse. 
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Fig.   6. 


Assumed  Mean  Stress-Strain  Eelation  for  Chilled 
Wheel  Irons  Used  in  Evaluation  of  Stress 


and  Manufacturing-  Company.  This  instrument  measures  the  hardness 
by  the  measured  rebound  of  a  small  weight  carrying  a  blunt  diamond 
which  is  dropped  from  a  fixed  height  (vertically)  on  the  material. 
The  scleroscope  data  given  in  Table  1  represent  the  mean  value  of  10 
readings  taken  on  each  specimen.  The  apparatus  used  for  the  Brinell 
tests  was  manufactured  by  Aktiebolaget  Alpha,  of  Stockholm,  Sweden. 
This  test  consists  of  forcing,  under  a  definite  pressure,  a  hardened 
steel  ball  of  definite  size  into  a  fiat  plate  of  the  material  to  be  tested, 
and  measuring  the  diameter  of  the  indentation.  The  Brinell  hard- 
ness is  a  function  of  the  diameter  of  the  indentation  thus  made.  In 
the  case  of  the  tabulated  Brinell  data,  they  are  the  average  of  3  or  4 
observations  using  a  12-mm.  ball  with  a  pressure  of  3000  kg.  for  30 
sec.  The  average  hardness  shown  by  the  36  samples  cut  from  the 
wheel,  Fig.  la,  at  various  distances  from  the  center  of  the  wheel  is 
given  in  Fig.  7. 
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Fig.  7.      Mean  Hardness  of  33-in,  725-lb.  Chilled  Wheel 
AT  Various  Radii 


10.  General  Remarks  Concerning  Properties  of  Chilled  Wheel 
Irons. — It  is  recognized  that  proper  application  of  chemical  knowledge 
in  the  work  of  the  wheel  foundry  has  been  an  important  factor  in 
enabling  the  chilled  iron  wheel  to  meet  the  demands  of  modern  railway 
operation.  As  a  result  car  wheel  manufacturers  maintain  chemical 
laboratories  and  control  the  chemical  composition  of  wheels  within 
fairly  well  defined  limits.  The  railroads,  however,  with  a  few  excep- 
tions, do  not  embody  chemical  control  in  their  specifications,  but  rely 
almost  wholly  on  the  results  of  physical  tests  in  the  acceptance  of 
wheels.*  Inspection  of  Table  1  shows  that  the  chemical  composition 
varies  at  different  positions  within  the  wheel.  For  instance  in  Table  1 
the  specimens,  B^  to  Cq  inclusive,  as  removed  from  the  plate  of  the 
wheel  shown  in  Fig.  la,  show  the  following  range  in  the  percentage  of 
the  several  elements : 
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Per  Cent 

Total  Carbon    3.52  to  3.79 

Combined  Carbon 0.30  to  0.82 

Silicon 0.55  to  0.61 

Manganese 0.59  to  0.67 

Phosphorous 0.337  to  0.373 

Sulphur   0.204  to  0.227 

With  respect  to  the  importance  or  effect  of  these  variations  no  con- 
clusions have  been  reached.  For  the  same  specimens  the  Brinell 
hardness  varied  from  110  to  151,  while  the  scleroscope  hardness  ranged 
from  30.0  to  40.1.  The  secant  modulus  of  elasticity  of  the  several 
specimens  had  a  minimum  value  of  15  000  000,  whereas  the  maximum 
value  was  28  000  000  lb.  per  sq.  in.  An  appreciable  variation  from 
23  300  to  29  500  lb.  per  sq.  in.  likewise  existed  in  the  ultimate  strength 
of  the  specimens  when  they  were  tested  in  tension.  In  compression, 
the  ultimate  strength  ranged  from  62  500  to  82  900  lb.  per  sq.  in. 
In  the  three  specimens  cut  from  wheel  No.  22  121,  the  average  ultimate 
tensile  strength,  32  700  lb.  per  sq.  in.,  is  approximately  23  per  cent 
greater  than  the  average,  26  620  lb.  per  sq.  in.,  found  in  the  wheel 
represented  by  specimens  Bo  to  B^.  inclusive.  Considering  the  im- 
portant effect  that  tension  plays  in  the  failure  of  cast-iron,  it  would 
seem  desirable  to  produce  wheels  having  a  high  ultimate  strength  in 
tension,  that  is,  having  the  property  of  toughness,  provided,  of  course, 
this  could  be  done  without  materially  affecting  the  hardness,  or  the 
wearing  qualities  of  the  metal  in  contact  with  the  rail. 

If  all  the  specimens  given  in  Table  1  are  considered,  a  varia- 
tion of  100  per  cent  between  the  minimum  and  maximum  moduli  of 
elasticity  in  tension  is  seen  to  exist.  A  similar  condition  also  exists 
with  respect  to  the  values  of  ultimate  strength  which  arc  reported. 
The  compression  data  likewise  show  considerable  variation  in  the 
moduli  and  in  the  ultimate  strengths  recorded.  This  suggests  that  the 
metallurgy  of  wheel  irons  still  offers  a  fertile  field  for  improvement 
in  quality,  in  order  that  wheels  may  meet  the  probable  demands  of 
future  railway  service. 

No  distinct  relation  was  found  between  the  ultimate  tensile 
strength  and  the  Brinell  or  scleroscope  hardness,  nor  could  a  constant 
relation  be  determined  between  the  Brinell  and  scleroscope  hardness. 
This  latter  fact  is  readily  apparent  from  inspection  of  Fig.  7.     Over 
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the  distance  4  to  14  in.  from  the  center  of  the  wheel,  the  ratio  of 
Brinell  to  scleroscope  hardness  is  approximately  115  to  36  or  3.2, 
whereas  at  a  radius  of  16.5  in.,  that  is,  on  the  tread  of  the  wheel,  this 
ratio  is  5.3.  This  figure  also  strikingly  indicates  that  the  extreme 
hardness  produced  by  chilling  is  confined  to  the  tread,  and  that 
the  metal  in  the  plate  is  relatively  soft  and  of  nearly  uniform  hardness. 
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IV.     Apparatus  and  Methods  Used  in  Mounting 
AND  Static  Load  Tests 

11.  The  Strain-Gage,  and  Its  Use  in  Measuring  Strains  in  Car 
Wheels. — In  the  determination  of  strains  developed  by  the  various 
methods  of  stressing  a  car  wheel,  measurements  were  taken  thereon  in 
both  radial  and  tangential  directions  with  a  Berry  Strain-Gage 
illustrated  in  Fig.  8. 

This  gage  consists  of  a  frame  carrying  a  fixed  cone-shaped  point, 
a  multiplying  lever,  and  an  indicating  dial.  The  short  arm  of  the 
multiplying  lever  also  carries  a  cone-shaped  point,  and  the  long  arm 
of  the  lever  actuates  the  plunger  of  the  dial.  This  instrument  meas- 
ures the  change  of  the  distance  between  two  small  holes.  These  holes 
are  the  extremities  of  a  gage-line  along  which  the  strain  is  desired. 
In  making  observations  with  the  strain-gage,  the  cone  points  are 
inserted  in  the  gage  holes  and  the  dial  readings  noted  for  each  of 
the  gage-lines  on  the  wheel.  These  readings  are  first  taken  with  the 
wheel  in  an  unstrained  condition.  Another  series  of  observations  is 
then  taken  on  the  same  gage-lines  with  known  loads  on  the  wheel. 
The  difference  between  the  initial  and  final  readings  divided  by  the 
product  of  the  gage  length  and  the  multiplication  ratio  (as  obtained 
by  calibration)  of  the  strain-gage  lever,  gives  the  actual  unit  strain  for 
the  load  in  question. 

As  a  formula  this  expression  becomes : 

I  X  m 

where  e  =  unit  strain  ; 

Ri  =  initial  reading  of  the  dial ; 
Rf  =  final  reading  of  the  dial ; 
I  =  length  of  gage-line ; 
ni  =  multiplication  ratio  of  strain  gage. 

The  relative  values  of  R,  and  R  f,  together  with  a  consideration 
of  the  characteristics  of  the  strain-gage  used,  indicate  whether  the 
strain  is  tensile  or  compressive.  From  the  unit  strain  thus  found 
and  by  reference  to  the  stress-strain  diagrams.  Fig.  6,  an  approximate 
value  of  the  corresponding  simple  stress,  variousl}'  called  the  ''true 


Fig.  8.     Berry   Strain-Gage 
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stress,"  ''reduced  stress,"  or  "ideal  stress,"  is  determined.  Through- 
out this  report  any  stress  mentioned  is  in  terms  of  the  corresponding 
simple  stress,  or  the  stress  that  Avould  exist  if  the  metal  were  subjected 
to  simple  tension  or  compression  and  deformed  to  a  degree  equal  to 
the  measured  strains.  Both  the  initial  and  final  strain-gage  observa- 
tions were  taken  in  terms  of  a  standard  gage-line  called  a  standard 
bar.  This  bar  was  made  of  the  same  material,  in  this  case  cast-iron, 
as  that  in  which  the  strain  was  desired,  and  its  use  provided  a  means 
of  compensating  for  changes  in  temperature  of  the  material  being 
tested  and  progressive  changes  due  to  other  causes.  It  also  furnished 
a  check  for  noting  any  changes  that  might  occur  in  the  relative  position 
of  the  dial  and  frame  of  the  strain-gage.  In  these  tests  the  gage-lines 
were  established  in  both  radial  and  tangential  directions  on  the 
wheel  by  drilling  holes  0.055  in.  in  diameter,  approximately  1/16 
in.  in  depth,  and  2  in.  between  centers.  The  instrument  used  had  a 
dial  graduated  to  0.001  in.  and  a  multiplication  ratio  of  five.  Hence 
the  unit  strain  could  be  read  directl}^  to  0.0001  in.  per  inch,  and  by 
estimation  to  1/10  of  this  figure. 

Throughout  the  report  certain  gage-lines  are  shown  for  which  no 
strains  are  given.  For  these  the  readings  were  not  taken.  The  omis- 
sions are  due  to  the  fact  that  the  intial  strain-gage  readings,  i.  e., 
those  taken  with  the  wheel  in  an  unstrained  condition,  could  not  be 
duplicated  when  several  trials  were  made.  This  was  due  to  slight 
imperfections  in  the  gage  holes,  to  scale  on  the  metal,  etc.  Since  all 
the  measured  strains  are  dependent  on  these  initial  readings,  the 
unreliable  readings  were  discarded  and  no  further  observations  were 
made  on  these  gage-lines. 

12.  Preparation  and  Methods  of  Testing  Wheels  for  Determina- 
tion of  Strains  Due  to  Mounting  and  Static  Loads. — A  pair  of  wheels 
was  prepared  with  gage  holes  determining  lines  in  both  radial  and 
tangential  directions  and  on  several  radii.  With  the  strain-gage,  read- 
ings were  taken  on  each  of  the  gage-lines  before  mounting  the  wheels 
on  the  axle.  The  two  wheels  were  then  pressed  upon  the  seats  of  a 
standard  5y2-in.  by  10-in.  M.  C.  B.  axle  in  a  600  000-lb.  Riehle  testing 
machine.  Autographic  diagrams  of  the  pressure  during  mounting 
were  taken.  After  mounting,  observations  on  each  of  the  gage-lines 
were  again  made,  and,  as  stated  above,  the  differences,  after  proper 
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corrections,  between  the  latler  readings  and  tlie  initial  readings  are 
measures  of  the  unit  strains. 

After  the  strains  incident  to  mounting  had  been  determined,  the 
wheels  were  placed  in  the  testing  machine,  as  shown  in  Fig.  9,  and 
subjected  to  various  known  static  loads. 

For  each  of  the  static  loads  thus  applied  a  complete  series  of 
strain  readings  was  taken.  In  this  case  the  difference  between  the 
initial  readings,  the  observations  taken  before  mounting,  and  the 
observations  at  the  load  in  question,  is  the  total  strain  in  the  wheel 
caused  by  the  combined  effects  of  mounting  and  the  static  load.  It 
will  be  noted  that,  except  for  the  inversion  of  the  wheel  and  rail,  the 
apparatus  arrajiged  iov  the  static  tests  loads  the  wheel  in  the  same 
manner  as  in  actual  service. 
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V.     Kesults  op^  Mounting  and  Static  Tests 

13.  Corresponding  Simple  Stresses  in  Two  33-in.  725-lb.  M.  G.  B. 
Wheels  Due  to  Mounting  Wheels  on  Axle,  together  with  Combined 
Effects  of  Mounting  and  Static  7>oac?s.— The  location  of  the  gage- 
lines  on  these  two  wheels  is  shown  in  Figs.  10  and  11  and  llie 
gage-lines  are  desio^nated  iis  follows:  the  radial  lines  on  which  the 
gage-lines  are  located  are  lettered  A  to  H,  and  these  letters  become  the 
first  figure  in  the  designation;  the  relative  position  of  the  gage-line 
on  the  radius  is  next  indicated  by  a  numeral,  which  in  turn  is  followed 
b}^  either  the  letter  I\  or  T,  signifying  respectively  a  radial  or  a 
tangential  gage-line;  thus  B4R  denotes  the  gage-line  or  radial  B, 
fourth  from  the  tread  and  in  a  radial  direction,  and  B'4T  indicates 
the  gage-line  similarly  located  but  in  the  tangential  direction. 

The  pressures  required  to  mount  the  wheels  on  the  axle  together 
with  the  fit  allowance  are  shown  in  Fig.  12,  while  the  equivalent 
simple  stresses  resulting  therefrom  are  given  in  Figs.  13  and  14. 

Diagrams  similar  to  Fig.  12  are  regularly  taken  by  both  the 
manufacturers  and  railroads  when  mounting  wheels.  They  serve  as  a 
check  against  placing  improperly  mounted  wheels  in  service.  With 
wheels  properly  fitted,  this  curve  wall  show  a  nearl}^  uniform  increase 
in  the  pressure  riniuired  for  forcing  the  wdieel  on  the  axle  from  the 
instant  the  axle  entei*s  the  wheel  up  to  its  final  position.  In  addition, 
the  final  pressure  as  recorded  indicates  whether  the  recommendation 
of  the  M.  C.  B.  Association  in  this  respect  has  been  fulfilled.  If  this 
pressure  is  much  below  that  recommended,  there  is  a  possibility  of 
the  wheel  becoming  loose  on  the  axle;  whereas,  if  it  is  in  excess  of 
that  recommended,  cracked  wheels  may  result.  In  view  of  these  facts 
considerable  attention  is  generally  given  to  the  final  pressure  required. 
For  this  type  of  wheel  the  M.  C.  B.  Association  specifies  a  final 
pressure  ranging  from  45  to  65  tons.  The  pressures  recorded  in  the 
tests  were  45.8  and  61.5  tons,  or  within  the  allowable  range.  Attention, 
however,  is  called  to  the  fact  that  for  a  wheel  seat  diameter  of  7  in.  and 
a  hub  length  equal  to  7  in.,  the  manufacturers'  practice  is  to  make  the 
fit  allowance  0.011  to  0.017  in.,  which  results  in  a  range  of  mounting 
pressures  of  about  45  to  65  tons.  It  will  be  noticed  that  the  allowance 
on  wheel  No.  671  237  was  0.021  in.,  and  the  mounting  pressure  at  a 
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Mount  Two  33-in.  725-lb.  Wheels  ox  Axle 


speed  of  0.4  in.  per  minute  was  61.5  tons;  i.e.,  the  allowance  was  25 
per  cent  greater  than  the  manufacturers'  maximum  allowance,  while 
the  pressure  required  was  5  per  cent  less  than  might  be  recorded  by 
commercial  types  of  wheel  presses,  which,  however,  operate  in  some 
cases  at  much  higher  speeds.  Likewise,  in  wheel  No.  671  449  the  tit 
allowance  equalled  the  manufacturers'  maximum,  and  in  commeicial 
work  the  expected  pressure  would  be  about  65  tons.  The  nuiximum 
.recorded  i)ressure  for  this  wheel,  however,  was  about  45.8  tons,  or 
roughl}'  equal  to  that  which  would  occur  with  the  minimum  fit  allow- 
ance of  0.011  in.  A  similar  condition  existed  in  later  mounting  tests. 
This  apparently  indicates  that  the  pressure  required  to  mount  the 
wheel  is  a  function  of  the  mounting  speed.  It  is  also  probable  that 
the  magnitude  of  the  mounting  pressure  is  dependent  on  the  alignment 
of  the  wheel  bore  and  axle  during  mounting.  As  no  spherical  blocks 
were  used  in  these  tests  when  mounting  the  wheel — nor  are  they  used 
on  wheel  presses — it  is  possible  that  the  nuixinuim  recorded  mounting 
pressures  are  higher  than  would  be  the  case  if  perfect  alignmenl 
between  bore  and  axle  existed.  Hence  it  would  appear  that  fit  allow- 
ance might  be  a  better  criterion  for  mounting  wheels  than  pressure 
where  the  mounting  speed  falls  considerably  outside  the  range  of 
speeds  custonuu-ily  used  in  wheel  shoi)s,  and  in  cases  where  poor  align- 
ment may  occur.  Under  no  circumstances,  however,  would  it  be 
advisable  to  discontinue  the  use  of  the  final  mounting  pressure  as  a 
check  against  the  placing  of  improperly  fitted  wheels  in  service. 
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In  the  case  of  wheel  No.  671  237  the  maximum  tensile  unit  strain, 
due  to  mounting  (Fig.  13),  was  on  gage-line  B4T  on  the  B  radial  of 
the  outer  face.  The  magnitude  of  this  strain  was  0.00222  which 
corresponds  to  a  simple  tensile  stress  of  17  400  lb.  per  sq.  in.    Inspec- 


j  Tangential  Stress  in  Gage  Lines,  Suffix  T 
■  Radial  Stress  in  Gage  Lines,  Suffix    R 
Outer  Face 


Stress-lb  Right  of  Base  Line  is  Com pression,To  Left  of  Base  Line  is  Tension 
Maximum  Mounting  Pressure  -ff  1.5  Tons 

Fig.  13.    Corresponding  Simple  Unit  Stresses  in  33-in.  725-lb. 
M.  G.  B.  Wheel  no.  671  237  Caused  by  Mounting  on  Axle 


tion  of  Fig.  10  shows  that  the  measurement  was  taken  in  close 
proximity  to  a  chaplet,  and  this  may  partially  account  for  the  large 
value.  On  the  inner  face  the  same  value  is  nearly  reached  on  gage- 
line  1I5T  where  the  strain  was  0.00218,  and  the  simple  tensile  stress 
corresponding  thereto  is  17  300  lb.  per  sq.  in.  With  respect  to  the 
compressive  strains  the  maximum  was  on  the  outer  face  on  gage-line 
F3U  and  equalled  0.00127,  which  corresponds  to  a  simple  compressive 
stress  of  17  600  lb.  per  sq.  in.  This  is  in  the  region  near  the 
intersection  of  the  inner  and  outer  plates.    A  relatively  short  radius 
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of  curvature,  3  in.,  exists  on  a  i)ortion  of  this  gage-line,  so  that  curved 
plate  action  may  partiall}^  account  for  the  values  found  in  this 
region. 

Fig.  14  presents  the  corresponding  simple  unit  stresses  produced 
in  wheel  No.  671  449  by  mounting.  A  greater  number  of  strain  meas- 
urements were  made  on  wheel  No.  671  449,  and  a  better  idea  of  the 
magnitude  of  the  stresses  produced  by  forcing  the  wheel  on  the  axle 
is  possible  than  in  the  case  of  wheel  No.  671  237.  On  the  outer  face 
the  larger  tangential  or  "hoop"  stresses  are  in  general  near  the  bore, 
and  they  decrease  toward  the  rim.  This  is  readily  apparent  on  radii 
G  and  H,  and  indicates  a  distribution  of  stresses  which  would  be 
expected.  There  are,  however,  variations  from  this  arrangement  or 
distribution  along  radial  lines  A,  C,  and  D.  On  these  lines  the  tangen- 
tial stress  does  not  at  all  points  show  a  decrease  from  bore  to  rim ;  at 
certain  points  the  stresses  are  slightly  greater  than  at  other  points 
nearer  the  bore.  Bearing  in  mind,  however,  the  fact  that  cast  iron 
from  the  ordinary  cupola  cannot  be  cast  so  as  to  be  of  uniform  strength, 
as  was  evidenced  by  the  results  of  the  previously  mentioned  tests 
made  on  specimens  cut  from  various  parts  of  the  wheel,  such  variations 
could  have  been  anticipated.  Similar  conditions  occur  on  the  inner 
face  with  respect  to  the  tangential  stresses.  On  this  wheel  the  maxi- 
mum recorded  tensile  strain  occurred  on  the  inner  face  in  gage-line 
A5T.  Its  value  was  0.00161  and  the  corresponding  stress  is  15  700 
lb.  per  sq.  in.  A  study  of  the  radial  strains.  Fig.  14,  on  the  outer  face 
of  wheel  No.  671449  reveals  a  distribution  similar  to  that  found  in 
wheel  No.  671  237.  On  all  of  the  radial  lines  a  tendency  towards  a 
concentration  of  stress  appears  on  the  outer  face  on  gage-line  3R,  or 
near  the  intersection  of  the  inner  and  outer  plates.  The  maximum 
recorded  strain  occurred  on  gage-line  H3B,  and  was  equal  to  0.00116, 
corresponding  to  16  500  lb.  per  sq.  in.  On  the  inner  face  the  stresses 
on  both  the  radial  and  bracket  gage-lines  are  in  general  compressive 
and  of  relatively  small  magnitude. 

After  being  mounted,  the  wheels  were  subjected  to  static  loads 
up  to  200  000  lb.  per  wheel,  or  about  10  times  the  load  they  would  be 
subjected  to  in  practice.  The  maximum  stresses  in  wheel  No.  671  449, 
caused  by  combined  mounting  and  static  loads,  are  shown  in  Figs.  15 
and  16.  In  Fig.  15  are  shown  the  corresponding  simple  stresses 
caused  by  superimposing  the  effects   of  static   loads,   ranging   from 
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CIZ3  Tangenfial  Stress  in  Gage  Lines,  Suffix  T 

■■  Radial  Stress  in  Gage  Lines,  Suffix  R 

ES3  Bracket  Stress  in  Gage  Lines,  Subscript  b 


per  Sq  In. 


Stress-To  Right  of  Base  Line  is  Compression.To  Left  of  Base  Line  is  Tension 

Fig.  15.     Corresponding  Simple  Unit  Stresses  in  33-in.  725-lb. 

M.  C.  B.  Wheel  No.  671  449  Due  to  Combined  Effects  of 

Mounting  and  Static  Loads.    Loads  Applied  on  A  Eadial 


21  000  to  200  000  lb.,  upon  those  due  to  forcing  the  wheel  on  the  axle. 
To  prevent  the  axle  being  bent,  it  was  given  additional  support  between 
the  wheels  for  wheel  loads  above  40  000  lb.  In  the  tests  represented  by 
Fig.  15  the  load  was  supplied  on  the  A  radial  gage-line,  i.  e.,  the  several 
loads  were  transmitted  from  the  axle  along  this  radial  gage-line  to  the 
rail.  The  strains  along  this  radial  gage-line  were  larger  than  the  strains 
along  the  other  radial  gage-lines ;  consequently,  presentation  of  figures 
relating  to  the  strains  along  the  other  radial  gage-lines  has  been 
omitted  from  the  discussion.  In  Appendix  B,  pages  81  to  85,  Tables 
2,  2a,  3,  and  3a,  there  are  presented  in  tabular  form  the  numerical 
values  of  the  strains  measured  on  the  various  radial  gage-lines  of 
wheels  No.  671  237  and  671  449.  Fig.  16  presents  for  wheel  No.  671  449 
information  similar  to  that  in  Fig.  15,  except  that  for  Fig.  16  the 
static  loads  were  applied  along  the  G  radial  gage-line. 

With  respect  to  the  radial  gage-line  along  which  the  load  is 
applied,  the  stresses  due  to  a  static  load,  when  imposed  upon  those 
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Tangential  Stress  in  Gage  Lines,  Suffix.  T 
Radial  Stress  in  Gage  Lines,  Suffix    R 
Outer  Face 


<3    Stress  ^ 
static  Load  QQ 


Pounds  per<s^ 


5000Lbs  pe\Sq.in. 
Wheel 


Inner  Face 
Stress -lb  Right  of  Base  Line  is  Compression. 
To  Left  of  Base  Line  is  Tension 

Fig.  16.     Corresponding  Simple  Unit  Stresses  in  33-in.  725-lb. 

M.  C.  B.  Wheel  No.  671  449  Due  to  Combined  Effects  of 

Mounting  and  Static  Loads.    Loads  Applied  on  G  Eadial 


caused  by  mounting,  are  similar  in  kind  to  those  of  mounting,  i.  e., 
compressive  on  the  radial  and  tensile  on  the  tangential  gage-lines.  In 
ordinary  practice  the  33-in.  725-lb.  wheel  of  this  type  may  be  subjected 
to  a  load  not  exceeding  20  125  lb.  With  a  static  load  of  21  000  lb. 
the  stresses  are  but  slightly  different  from,  and  may  be  either  greater 
or  less  than,  those  of  mounting.  This  indicates  that  mounting  is  a 
much  more  important  factor  in  producing  stress  than  the  maximum 
car  load — neglecting  impact  and  indirect  effects — to  which  wheels 
are  subjected  in  normal  railroad  service.  With  the  static  load  equal 
to  200  000  lb.  applied  on  the  radial  gage-line  A,  the  maximum  unit 
tensile  strain  due  to  the  combined  effects  of  mounting  and  load,  was 
found  to  be  on  the  tangential  gage-line  A5T  on  the  inner  face  of  the 
wheel,  and  to  be  equal  to  0.00185.     The  corresponding  unit  stress  is 
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16  500  lb.  per  sq.  in.,  or  an  increase  of  only  800  lb.  per  sq.  in.  above 
that  caused  by  mounting  alone.  The  maximum  increase  in  tensile 
strain  occurred  on  the  tangential  gage-line  GlT  on  the  outer  face  when 
the  200  000  lb.  load  was  applied  along  the  G  radial.  For  this  loading, 
the  increase  in  unit  tensile  stress  on  the  several  gage-lines  over  that 
due  to  mounting  was  as  follows : 

Increase  in  Tensile 
Gage-Line,  Outer  Face  Stress  per  sq.  in. 

GIT    10  500  lb. 

G2T    9  100  lb. 

GST   6  900  lb. 

G4T    : 4  700  lb. 

As  gage-line  GlT  was  nearest  the  tread  and  G4T  nearest  the  hub, 
these  figures  indicate^  that  the  influence  of  the  static  load  decreases 
as  the  distance  from  the  rail  becomes  greater.  As  a  whole  the  observa- 
tions relating  to  stresses  produced  by  the  static  loads  indicate  that  the 
influence  of  these  loads  (as  expressed  by  increase  of  the  tensile 
stresses)  decreases  as  the  distance  from  the  rail  toward  the  axle 
increases,  although  occasional  exceptions  to  this  rule  occur. 

Slightly  different  conditions  exist  on  the  radial  gage-lines  with 
respect  to  magnitude  and  distribution  of  the  stresses.  On  the  radial 
gage-lines  the  stresses  are  compressive,  and  the  variations  over  the 
G  radial  gage-line  for  the  corresponding  200  000-lb.  load  were : 

Increase  in  Compressive 
Gage-Line,  Outer  Face  Stress  per  sq.  in. 

GIB    15  000  lb. 

G2E   13  300  lb. 

G3B    - 13  800  lb. 

G4E    7  400  lb. 

Here  again  the  maximum  increase  in  stress  occurs  nearest  the  tread 
and  the  minimum  increase  nearest  the  bore.  It  will  be  recalled  that, 
in  mounting,  the  opposite  condition  was  found;  namel}-,  that  the 
greatest  stress  occurred  at  the  bore  and  the  least  at  the  tread.  It  is 
further  evident  from  the  above  figures  that  the  variation  in  stress  in 
the  radial  direction  differs  from  that  in  the  tangential  direction  in  that 
the  latter  shows  an  almost  uniform  decrease  in  the  intensity  when 
traversing  the  section  from  GlT  to  G iT,  while  in  the  former  no  such 
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uniform  decrease  occurs.  For  the  combined  effect  of  mounting  and  the 
200  000-lb.  static  load  the  maximum  recorded  compressive  strain  was 
on  radial  gage-line  G3R,  and  amounted  to  0.00267.  The  corresponding 
simple  compressive  stress  is  25  600  lb.  per  sq.  in.,  or  13  800  lb.  greater 
than  the  stress  produced  by  mounting  alone.  The  results  on  which 
Pigs.  13  to  16  inclusive  are  based,  together  with  the  measured  strains, 
are  given  in  Appendix  B,  Tables  2,  2a,  3,  and  3a.  Figures  simliar 
to  Figs.  15  and  16,  which  relate  to  wheel  No.  671 449,  are  not 
submitted  for  wheel  No.  671  237,  due  to  the  fact  that  the  measurements 
of  strain  taken  during  the  mounting  test  of  wheel  No.  671  237  were 
so  meagre;  the  numerical  values  of  these,  however,  are  given  in 
Appendix  B,  Table  2a. 

In  summarizing,  these  tests  would  indicate  that,  directly,  the 
wheel  load  of  ordinary  service  does  not  materially  alter  the  existent 
strains  caused  b}^  mounting,  although,  indirectly,  the  wheel  load 
is  a  factor  in  producing  stress,  due  to  the  bearing  it  has  on  flange 
pressure,  impact,  etc.  Load  application  results  in  increasing  the  com- 
pressive strains  already  existent  in  the  wheel  to  a  greater  extent  than 
it  increases  the  tensile  strains.  It  is  further  evident  that  in  the  absence 
of  speed  and  track  curvature,  very  heavj^  wheel  loads  may  be  sus- 
tained without  greatly  increasing  the  magnitude  of  the  tensile  stresses 
which  were  produced  by  mounting. 

14.  Corresponding  Simple  Stresses  in  Tivo  33-in.  740-lh.  Arch 
Plate  Wheels  Due  to  Mounting  Wheels  on  Axle,  together 
with  Comhined  Effects  of  Mounting  and  Static  Loads. — From  the 
results  of  the  tests  on  the  wheels  mentioned  in  the  preceding  section 
it  was  impossible  to  determine  the  exact  position  of  either  the  maximum 
tensile  or  the  maximum  compressive  stress.  Furthermore,  the  rel- 
atively small  number  of  strain  lines  prevented  a  clear  conception  of 
the  stress  distribution  across  the  wheel  section.  Accordingly,  in  sub- 
jecting a  pair  of  33-in.  740-lb.  Arch  Plate  wheels  to  the  mounting  and 
static  load  tests,  they  were  prepared  with  approximately  twice  as  many 
gage-lines  as  were  used  on  the  previously  tested  wheels.  This  was 
done  by  placing  the  2-in.  gage-lines  1  in.  apart,  instead  of  2  in.  apart 
as  in  the  former  tests.  The  locations  of  the  gage-lines  on  wheels  Nos. 
04  474  and  04  476  are  given  in  Figs.  17  and  18  respectively.  The 
system  used  for  identification  of  the  gage-lines  is  shown  in  the  figures, 
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and  is  similar  to  that  used  on  the  33-in.  725-lb.  wheels*  except  that  the 
gage-lines  are  numbered  from  the  hub  outward  to  the  tread. 
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Fig.  19.     Autographic  Diagrams  of  Pressures  Kequired  to 
Mount  Two  33-in.  740-lb.  Arch  Plate  Wheels  ox  Axle 

In  Fig.  19  are  given  the  tit  allowance,  the  mounting  speed,  and 
the  pressure  required  to  force  the  axle  into  the  wheels.  It  will  be 
noticed  that  the  mounting  speed  of  wheel  No.  04  474  is  2.5  times  that 
of  wheel  No.  04  476.  The  results  on  the  725-lb.  M.  C.  B.  wheels  sug- 
gested that  the  speed  of  mounting  might  be  a  factor  in  the  magnitude 
of  the  final  pressure.  Although  wheel  No.  04  474  had  the  higher 
pressing  speed,  yet  its  higher  recorded  pressure  can  hardh^  be  ascribed 
to  this  cause,  as  the  slightlj^  greater  final  pressure,  4.2  tons,  maj^  have 
been  due  to  other  factors,  such  as  fit  allowance,  character  of  wheel 
material,  etc.  A  series  of  tests  with  a  greater  variation  in  speed 
would  probably  be  necessary  to  satisfactorily  answer  this  question. 

The  corresponding  simple  stresses  caused  by  forcing  the  wheels  on 
the  axle  are  shown  in  Figs.  20  and  21.  The  values  of  the  stresses 
are  based  on  the  measured  strains  and  the  assumed  stress-strain  rela- 
tion given  by  Fig.  6.  If  the  stress  at  some  particular  radius  is  taken, 
it  will  be  noticed  in  Figs.  20  and  21  that  there  may  be  a  considerable 
variation  between  the  maximum  and  the  mininuim  values  occurring 
on  the  several  radial  gage-lines  A  to  //.  As  a  result  of  this,  the  varia- 
tions in  the  intensities  of  the  stresses  on  one  radial  gage-line  may  be 
entireh'  different  from  the  variations  on  another,  although  adjacent. 
To  obtain  a  diagram  of  the  stress  distribution  across  the  section  of 
the  wheel,  more  representative  of  the  wheel  as  a  wliole  and  better  for 
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purposes  of  comparison,  the  measured  strains  on  the  several  radii  at 
corresponding"  distances  from  the  center  of  the  wheel  were  averaged. 
The  corresponding-  simple  stresses  for  these  average  strains  were  then 
determined  and  plotted,  as  shown  in  Figs.  22  and  23.  This  method  of 
determining  the  average  stresses  gives  somewhat  higher  values  than 
would  be  obtained  by  averaging  the  stresses  corresponding  to  the 
measured  strains. 

Inspection  of  Figs.  22  and  23  immediately  suggests  the  stress 
distribution  across  the  section.  The  stresses  on  the  tangential  gage 
lines  on  both  the  inner  and  outer  faces  are  tensile,  largest  near  the 
bore  and  decreasing  towards  the  tread.  No  such  simple  arrangement, 
however,  exists  in  the  stresses  produced  on  the  radial  gage-lines.  On 
these  lines  on  the  outer  face  when  traversing  the  section  from  bore  to 
tread  a  relatively  small  stress,  either  compression  or  tension,  exists 
on  gage-line  2E,  and  the  character  of  the  stress  then  becomes  com- 
pressive, reaching  a  maximum  on  either  411  or  5U — just  previous  to 
the  joining  of  the  inner  and  outer  plates — after  which  the  compressive 
stress  again  decreases.  On  the  radial  gage-lines  2B  on  the  outer  face 
of  wheel  No.  04  474,  Fig.  20,  the  strain  is  an  elongation,  contrary  to 
what  might  be  expected.  The  reason  for  this  condition  is  not  apparent 
but  it  is  perhaps  due  to  a  bending  action  at  that  point  producing 
tension  of  a  magnitude  sufficient  to  change  the  compressive  stress 
due  to  mounting  into  a  tensile  stress.  On  the  outer  face  of  both 
wheels  the  variation  in  the  radial  stresses  in  the  regions  represented 
by  gage-lines  2B  to  5U  inclusive  suggests  a  condition  of  bending 
combined  with  compression  due  to  mounting. 

On  the  inner  face  of  wheel  No.  04  474  the  effect  of  bending  is 
evident  on  the  radial  gage-lines.  The  stress  on  these  lines  is  com- 
pressive and  reaches  a  maximum  at  the  bore.  As  the  radial  distance 
from  the  center  increases,  the  stress  decreases  until  a  minimum  is 
reached  near  4R,  after  which  it  increases  up  to  7R.  Beyond  7B  no 
readings  were  obtained  because  of  the  interference  of  the  wheel 
brackets  with  the  strain  gages,  but  it  is  reasonable  to  assume  that  a 
decrease  in  stress  will  develop  soon  after  7B  is  passed.  The  compar- 
atively short  radii  of  curvature  in  this  portion  of  the  wheel  without 
doubt  greatly  affect  any  bending  action  which  takes  place  and  are 
largely  responsible  for  the  variation  occurring  in  the  magnitude  of 
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the  stresses.  Similar  conclusions  may  be  reached  with  respect  to  the 
stresses  on  the  radial  gage-lines  on  the  inner  face  of  wheel  No.  04  474 
as  shown  in  Fig-.  22. 

In  wheel  No.  04  474  the  maximum  average  tensile  and  compressive 
strains  are  0.00194  and  0.00084,  located  on  tangential  gage-lines  IT 
of  the  inner  face,  and  radial  gage-lines  oR  of  the  outer  face,  respect- 
ively. The  corresponding  tensile  stress  is  16  800  lb.  per  sq.  in.  and  the 
corresponding  compressive  stress  13  000  lb.  per.  sq.  in.  In  the  other 
wheel,  No.  04  476,  the  positions  of  the  maximum  average  tension  and 
compression  are  identical  with  those  of  wheel  No.  04  474.  The  tensile 
stress,  however,  is  16  000  lb.  per  sq.  in.,  i.  e.,  slightly  lower  than  in 
wheel  No.  04  474,  while  the  compressive  stress  is  13  700  lb.  per  sq.  in., 
or  700  lb.  higher  than  in  wheel  No.  04  474.  The  fit  allowance  on  these 
two  wheels  differs  by  only  0.001  in.  and  a  close  agreement  exists  both 
as  to  magnitude  and  location  of  the  maximum  strains  or  stresses 
caused  by  mounting. 

These  wheels  were  also  subjected  to  loads  equalling  200  000  lb. 
per  wheel,  and  the  combined  effects  of  mounting  and  the  various  static 
loads  are  shown  in  Figs.  24  to  27,  inclusive.  The  corresponding 
mmierical  values  are  tabulated  in  Appendix  B,  Tables  4,  4a,  5,  and  5a. 

From  the  diagrams  showing  the  combined  effects  of  mounting  and 
static  loads.  Figs.  24  to  27,  inclusive,  it  is  evident  that  the  metal 
in  a  radial  direction  on  the  outer  face  of  the  wheel  is  in  general  in 
compression.  An  exception  to  this  occurs  on  gage-line  2B,  where 
tension  is  indicated  under  several  loads.  Here  again  the  tension  is 
probably  due  to  flexure  in  conjunction  with  the  direct  thrust  of 
mounting.  It  will  be  noticed  in  addition  that  the  intensity  of  the  com- 
pressive stress  on  the  outer  face  exceeds  that  on  the  inner  face,  this 
fact  indicating  that  the  static  load  is  transmitted  from  rail  to  hub 
mainly  through  the  outer  plate,  while  the  smaller  portion  of  the  load 
is  carried  through  the  inner  plate.  In  general  the  magnitude  of  the 
tensile  stress  is  slightly  greater  on  the  inner  plate  of  the  wheel  than 
on  the  outer  plate.  In  the  curved  portion  bending  assists  in  the 
production  of  tensile  stress.  The  maximum  compressive  stress  due  to 
combined  effects  of  mounting  and  static  load  may  occur  on  either  of 
the  radial  gage-lines  4R  or  5R  on  the  outer  face,  i.e.,  at  a  point  in 
the  outer  plate  just  before  it  is  joined  with  the  inner  plate.     The 
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Fig.   24.     Correspoxding   Simple  Unit   Stresses   in   33-in.   740  lb 

Arch  Plx\te  Wheel  No.  04  474  Due  to  Combined  Effects 

OF  Mounting  and  Static  Loads.    Loads  Applied  on 

A  Eadial 


maximum  tensile  stress  is  found  on  either  of  the  tangential  gage-lines 
IT  or  2T  on  the  inner  face,  that  is,  in  the  region  of  the  hub.  The 
conclusions  to  be  drawn  from  the  tests  on  these  wheels  are  similar  to 
those  reached  with  regard  to  the  33-in.  725-lb.  ]\I.  C.  B.  wheels — 
namely,  that  under  load 

(1)  the  strain  or  stress  due  to  static  load  is  similar  in 
kind  to  that  of  mounting,  i.  e.,  compressive  on  the  radial  gage- 
lines  and  tensile  on  the  tangential  gage-lines; 

(2)  static  load  increases  the  magnitude  of  the  compressive 
stresses  on  the  radial  gage-lines  to  a  greater  extent  than  it  increases 
the  magnitude  of  the  tensile  stresses  on  the  tangential  gage-lines  ; 

(3)  for  the  normal  service  load  the  maximum  strains  or 
stresses  are  not  greatly  different  from  the  maximum  strains  or 
stresses  due  to  mounting; 
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(4)  abnormally  heavy  wheel  loads  may  be  sustained  in  the 
absence  of  such  other  factors  as  side  thrust,  impact,  etc.,  without 
greatly  increasing  the  intensity  of  the  tensile  stresses  over  values 
already  existent  through  pressing  the  wheel  on  the  axle. 
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I'lG.   25.     Corresponding   Simple  Unit   Stresses   in   33-in.   740-lh. 

Arch  Plate  Wheel  No.  04  474  Due  to  Combined  Effects 

OF  Mounting  and  Static  Loads.    Loads  Applied  on 

C  Kadial 


It  would  have  been  desirable  to  examine  the  relative  ability 
of  the  two  types  of  wheels,  as  represented  by  the  725-lb.  M.  C.  B. 
wheel  and  the  740-lb.  Arch  Plate  wheel,  to  withstand  the  stresses 
produced  hy  forcing  the  wheel  on  the  axle  and  by  the  application 
of  load.  Due  to  their  different  fit  allowance^,  however,  and  also 
to  the  relatively  few  strain  measurements  made  on  the  725-lb. 
wheels,  no  satisfactory  comparison  along  these  lines  has  been  found 
possible. 
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Arch  Plate  Wheel  No.  04  476  Due  to  Combined  Effects 

OF  Mounting  and  Static  Loads.    Loads  Applied  on 

A  Radial 
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Fig.  27,     Corresponding  Unit  Stresses  in  33-in.  740-lb. 
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VI.     Results  from  Additional  Mounting  Tests 

15.  Freparation  of  Wheels  for  Mounting. — In  order  to  determine 
in  greater  detail  the  effect  of  mounting,  two  33-in.  625-lb.  M.  C.  B., 
and  two  33-in.  725-lb.  M.  C.  B.  wheels  were  subjected  to  this  type  of 
test.  In  forcing  a  wheel  on  an  axle  it  is  reasonable  to  expect  higher 
stresses  near  the  bore  than  at  points  distant  from  the  bore.  In  the 
preceding  tests  it  was  impossible  to  take  measurements  at  points  less 
than  %  in.  from  the  bore.  This  condition  arose  through  interference 
of  the  axle  with  the  strain  gage.  To  overcome  this  interference  and 
thereby  allow  measurments  to  be  taken  in  close  proximity  to  the 
bore,  the  wheels  were  mounted  on  stub,  or  short,  axles  whose  length 
equalled  the  thickness  of  the  wheel  at  the  bore.  The  location  of  the 
gage-lines  on  the  several  wheels  is  shown  in  Figs.  28  to  31,  inclusive. 
The  additional  gage-lines  in  the  hub  region  will  be  noticed.  By  the 
use  of  these  stub  axles  it  was  possible  to  get  measurements  relating  to 
tangential  stresses  within  3/16  in.  of  the  bore,  and  from  these  to  get 
an  estimate  of  the  intensity  of  tangential  or  ^'hoop"  stresses  at  the 
bore.  To  determine  the  intensity  of  stress  in  the  region  of  the  core 
holes  on  the  inner  face  of  the  wheels,  a  few  gage-lines  were  placed  near 
certain  core  holes.  These  gage-lines  are  shown  on  the  various  figures. 
For  a  similar  reason  one  of  the  wheels.  No.  49  317,  had  gage-lines 
on  the  outer  face  in  the  vicinity  of  the  chaplets. 

In  the  case  of  the  previoush^  tested  wheels  the  fit  allowances  were 
so  nearly  alike  in  each  of  the  pairs  of  wheels  tested  that  nothing  as 
to  the  effect  of  fit  allowance  for  a  certain  type  of  wheel  could  be 
determined.  Accordingly,  for  the  tests  about  to  be  described,  certain 
fit  allowances  were  chosen  so  that  information  might  be  obtained  with 
regard  to  the  effect  of  this  factor. 

16.  Corresponding  Simple  Stresses  Due  to  Forcing  Two  33-in. 
625-lb.  M.  C.  B.  Wheels,  with  Different  Fit  Allowances,  on  Axles. — 
The  autographic  diagrams  taken  while  mounting  these  wheels  are 
given  in  Fig.  32.  Wheel  No.  809  711  had  a  fit  allowance  of  0.009  in. 
and  the  maximum  pressure  was  14.4  tons.  For  this  fit,  the  wheel  was 
bored  smooth  with  a  tool  of  large  radius,  feed  being  approximately 
1/27  in.  per  revolution.    The  allowance  in  mounting  wheel  No.  822  269 
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Autographic  Diagrams  of  Pressures  Required  to  Mount 
Two  33-iN.  625-LB.  M.  C.  B.  Wheels  on  Axle 


was  0.020  in.,  and  the  final  pressure  recorded  was  34.6  tons.  This 
wheel  was  also  bored  smooth  and  the  axle  showed  no  evidence  of 
filing,  the  tool  marks  being  plainly  visible  and  indicating  a  feed  of 
1/14  in.  per  revolution.  The  rate  of  mounting  was  0.4  in.  per  min. 
in  both  cases. 

The  stresses  set  up  on  the  various  gage-lines  of  these  two  wheels 
are  given  in  Figs.  33  and  34.  The  numerical  results  on  which  these 
figures  are  based  are  given  in  Appendix  B,  Tables  6  and  7.  Here 
again  variation  exists  in  the  intensity  of  the  stress  at  uniform  distances 
from  the  center,  but  on  different  radial  lines.  The  stresses  in  wheel 
No.  822  269  are  higher  than  those  of  wheel  No.  809  711,  a  condition 
which  would  be  expected,  due  to  the  fact  that  the  former  wheel  had 
the  larger  fit  allowance.  In  these  two  wheels  the  measurements  were 
made  on  four  radial  lines.  The  four  series  of  strain  readings  taken 
on  the  four  radial  lines  were  averaged  and  the  corresponding  stresses 
plotted  in  Figs.  35  and  36  in  order  to  obtain  a  more  representative 
diagram  showing  the  variation  of  stress  from  point  to  point,  and  the 
effect  of  the  different  fit  allowances.  A  comparison  of  these  figures 
plainly  shows  the  larger  stresses  in  wheel  No.  822  269  caused  by  the 
larger  fit  allowance.  The  trend  of  the  variation  in  stress  from  bore  to 
tread  is  not  as  clearly  evident  in  Fig.  35  as  in  Fig.  36  on  account  of 
the  relatively  small  values  of  the  stresses  shown  in  Fig.  35.  Inspection 
of  Fig.  36,  however,  suggests  substantially  the  same  conclusions  as 
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were  drawn   in  connection  with  the   inonnting  tests  previously   dis- 
cussed. 

(1)  The  tangential  or  hoop  stress  on  the  outer  face  is 
tension  and  reaches  a  maximum  at  the  bore ;  this  stress  decreases  in 
intensity  as  the  radial  distance  from  the  bore  increases. 

(2)  In  a  radial  direction  on  the  outer  face  the  stress  is 
compression  and  similarly  is  a  maximum  at  the  bore,  and,  as  the 
radial  distance  from  the  bore  increases,  its  magnitude  at  first 
decreases,  then  increases  up  to  a  point  near  the  intersection  of  the 
inner  and  outer  plates,  beyond  which  a  decrease  again  occurs. 

(3)  The  tangential  stress  on  the  inner  face  is  tension  and 
varies  in  a  manner  similar  to  that  on  the  outer  face,  except  that 
the  decrease  is  not  as  uniform. 
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(4)  In  the  radial  direction  on  the  inner  face  the  stress  is 
compressive,  reaching  a  maximum  at  the  bore,  and  as  the  radial 
distance  from  the  bore  increases  the  stress  decreases  until  near 
the  intersection  of  the  inner  and  outer  plates,  where  a  tendency 
towards  an  increase,  or  an  actual  increase,  occurs;  beyond  this 
region  the  stress  again  decreases. 

(5)  The  tensile  stresses  on  the  tangential  gage-lines  adjacent 
to  the  core  holes  on  the  inner  plate  are  almost  equal  in  value  to 
those  on  the  tangential  gage-lines  nearest  the  bore.  The  stresses 
in  the  brackets  caused  by  mounting  are  relativelj^  insignificant. 


djlangentfal  Stress  in  Gage  Lines  Suffix   T 
■■  Radial  Stress  in  Gage  Lines  Suffix        R 
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Stress-lb  Right  of  Base  Line  is  Compression,To  Left  of  Base  I  me  is  Tension 
Maximum  Mounting  Pressure  -  34.6  Tons 

Fig.   34.     Corresponding   Simple   Unit   Stresses   in   33-in.   625-lb. 
M.  C.  B.  Wheel  No.  822  269  Caused  by  Mounting  on  Axle 


66 


ILLINOIS  ENGINEERING  EXPERIMENT  STATION 


Un/f  Stress 
Tension  Compression 


is 


I 


6R6T\ 

SR5T\_ 
4R41s\_ 
3R3T>^' 
2RZTs\^ 


9RaRb  Unit  Stress 
^y^^P^ns/on    Compression 

'y4C4T\ 
leRRbTTa 

AC37' 

JRTi 

4R41 
CD2 


/  //3R3-n 

■Et-IP 
-Dt 
Ct 


i 


"1 1 1 


^  Si 


^ 
Qi 

§ 


Icuigenfial  stress  mm  R ad /al  Stress   s^  Bracket  Stress 
/7c7x//7?u/??  Mccy/y^/'r?^  /^ressL/re  /4.4  To/?s 

Fig.   35.     Average  Unit   Stresses   in   33-in.   625-lb.   M.   C.   B. 
Wheel  No.  809  711  Caused  by  Mounting  ox  Axle 
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Fig.   36.     Average   Unit   Stresses   in    33-in.   62o-lb.   M.   C.   B. 
Wheel  No.  822  269  Caused  by  Mounting  on  Axle 
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17.  Corresponding  Simple  Stresses  Due  to  Forcing  Two  33-in. 
725-11).  M.  C.  B.  Wheels,  with  Different  Fit  Allowances,  on  Axles. — For 
this  test,  wheels  Nos.  49  317  and  49  305  had  fit  allowances  of  0.0095 
and  0.0136  in.  respectively,  while  the  corresponding  final  pressures 
were  39.9  and  43.0  tons.  The  rate  of  pressing  was  0.4  in.  per  min.  in 
each  case.  The  mounting  diagrams  are  shown  in  Fig.  37.  As  in  the 
case  of  the  625-lb.  wheels,  one  axle  was  filed  smooth  and  the  other 
retained  the  tool  marks.  As  far  as  the  stresses  produced  by  mounting 
are  concerned,  there  was  nothing  in  these  tests  that  would  indicate 
the  relative  effects  of  a  smooth  or  a  rough  axle.  In  Figs.  38  and  39 
are  shown  the  stresses  corresponding  to  the  measured  strains  caused 
by  mounting.  The  corresponding  results  are  presented  in  Appendix 
B,  Tables  8  and  9.  Appendix  B  also  presents  results  for  the  average 
effects  which  are  shown  in  Figs.  40  and  41.  Although  differences  exist 
in  the  relative  ability  of  the  625  and  725-lb.  wheels  to  withstand  the 
stresses  produced  by  mounting,  yet  there  is  a  marked  similarity  in  the 
location  of  the  maximum  and  minimum  stresses.  The  conclusions  to 
be  drawn  with  reference  to  the  725-lb.  wheel  are  in  general  identical 
with  those  for  the  625-lb.  type  as  given  in  Section  16,  page  58  of  this 
bulletin.  In  addition.  Fig.  40  shows  that  the  intensity  of  the  tensile 
stress  on  the  tangential  gage-lines  in  the  regions  of  the  chaplets  on 
the  outer  face  nearly  approaches  that  occurring  at  the  bore. 
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Fig.  37.      Autographic  Diagrams  of  Pressures  Required  to  Mount 
Two  33-IN.  725-LB.  M.  C.  B.  Wheels  on  Axle 
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n:z\  Tan  gen  fial  Stress /n  Gage  Lines  Suffix    T 
warn  Radial  Stress  m  Gage  Lines  Suffix        R 

^ 7R9T  ^^  Bracket  Stress  in  Gage  Lines  Subscr/pt 

,^f^ST_Oufer  Face 


Inner  Face 

Stress-To  Right  of  Base  Line  is  Com  pression.To  Left  of  Base  Line  is  Tension 
Maximum  t\/lounting  Pressure     39.9  Ions 

Fig.  38.      Corresponding  Simple  Unit  Stresses  in  33-in  725-lb.  M.  C.  B. 
Wheel  No.  49  317  Caused  by  Mounting  ox  Axle 
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nmla ngenfia I  Stress m  Gage  Lines  Suffix    T 
^m  Radial  Stress  in  Gage  Lines  Suffix        R 
^^  Bracket  Stress  in  Gage  Lines  Subscript 
Outer  Face 


inner  Face 


Stress-To  Right  of  Base  Line  is  Compression.To  Left  of  Base  Line  is  Tension 
Maximum  Mounting  Pressure -430    Tons 

Fig.  39.      Corresponding  Simple  Unit  Stresses  in  33-in  725-lb.  M.  C.  B. 
Wheel  No.  49  305  Caused  by  Mounting  on  Axle 
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Fig.   40.    Average  Unit   Stresses  in   33-in.   725-lb.   M.   C.  B. 
Wheel  No.  49  317  Caused  by  Mounting  on  Axle 
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Fig.   41.     Average  Unit   Stresses   in   33-in.   725-lb.   M.   C.   B. 
Wheel  No.  49  305  Caused  by  Mounting  on  Axle 
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VII.     Summary  of  Conclusions 

The  results  recorded  in  the  previous  pages  may  be  summarized  as 
follows : 

(1)  The  tensile  strength  of  the  metal  taken  from  different 
parts  of  the  plates  of  three  wheels  ranged  from  23  300  to  32  800 
lb.  per  sq.  in.,  and  the  modulus  of  elasticity  ranged  from  14  to 
28  million  lb.  per  sq.  in.  It  is  probable  that  these  variations  may 
be  explained  by  variations  in  chemical  composition  of  the  several 
specimens,  and  variations  in  the  treatment  of  the  wheels  after 
casting.  Whatever  be  the  reason,  however,  they  suggest  that  a 
study  of  the  metallurg}^  of  wheel  irons  offers  possibilities  of 
improvement  by  which  the  higher  values  obtained  in  these  tests 
might  be  consistently  maintained  or  possibly  exceeded. 

(2)  No  distinct  relation  was  apparent  between  the  ultimate 
strength  of  wheel  iron  and  either  the  Brine!  1  or  the  scleroscope 
hardness,  nor  could  a  constant  relation  be  determined  between  the 
Brinell  and  scleroscope  results. 

(3)  In  forcing  the  625-lb.  and  725-lb.  U.  C.  B.  or  Washburn 
type  of  wheel  on  an  axle  the  maximum  tensile  strain  or  stress  is  a 
tangential  or  "hoop"  strain  or  stress  occurring  at  the  bore,  and 
it  may  be  on  either  the  inner  or  the  outer  face  of  the  wheel. 

On  the  outer  face  of  this  type  of  wheel  in  a  radial  direction 
the  strains  or  stresses  are  compressive.  They  are  a  maximum  at 
the  bore  and,  in  traversing  the  section  of  the  wheel  from  the  bore 
toward  the  tread,  they  decrease  up  to  a  point  where  the  radius 
equals  the  mean  radius  of  the  core,  beyond  which  an  increase 
occurs  up  to  a  point  at  or  near  the  intersection  of  the  inner  and 
outer  plates,  after  which  a  decrease  again  occurs. 

On  the  inner  face  in  a  radial  direction  the  strains  or  stresses 
are  likewise  compressive  and  a  maximum  at  the  bore.  If  a  similar 
traverse  be  made  across  the  section,  these  strains  or  stresses  de- 
crease up  to  a  point  where  the  radius  equals  the  mean  radius  of 
the  core;  they  are  then  of  approximately  uniform  intensity  up 
to  a  point  whose  radius  is  equal  to  the  outer  radius  of  the  core; 
beyond  this  point  they  again  decrease. 

(4)  In  pressing  the  740-lb.  Arch  Plate  wheels  on  the  axle, 
the  maximum  tensile  strain  or  stress  was  a  tano:ential  strain  or 
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stress  on  the  inner  face  and  at  the  bore.  In  general  the  tensile 
stresses  on  either  face  of  the  wheel  were  a  maximum  at  the  bore 
and  decreased  toward  the  tread. 

With  respect  to  the  strains  or  stresses  in  a  radial  direction  on 
the  outer  face,  no  measurements  were  taken  in  close  proximity  to 
the  bore,  and  accordingly  nothing  definite  can  be  stated  concerning 
their  intensity  in  this  region.  However,  the  strain  in  a  radial 
direction  taken  nearest  to  the  bore  was  relativeh'  small  and  was 
tension  in  one  wheel  and  compression  in  the  other.  This  fact  may 
be  due  to  bending  action  in  conjunction  with  the  thrust  of  mount- 
ing. As  the  tread  was  approached,  the  strains  and  hence  the 
stresses  became  compressive  and  of  increasing  intensity,  reaching 
a  maximum  at  a  point  whose  radius  was  equal  to  the  mean  radius 
of  the  core,  beyond  which  they  again  decreased. 

On  the  inner  face  over  the  region  investigated,  the  strains 
or  stresses  in  the  radial  direction  were  compressive,  reaching 
the  maximum  nearest  the  bore  and  decreasing  to  a  minimum  at  a 
point  whose  radius  was  equal  to  the  mean  radius  of  the  core, 
after  which  they  again  increased. 

(5)  In  the  regions  of  the  chaplets  and  core  holes,  pressing 
the  wheel  on  the  axle  causes  tensile  strains  in  a  tangential  direction 
which  are  of  lesser  intensity  than,  but  approach  in  magnitude  to, 
those  at  the  bore. 

(6)  The  stresses  and  strains  in  the  brackets  which  are  pro- 
duced in  a  radial  direction  by  mounting  are  relatively  insignificant. 

(7)  The  strains  caused  by  mounting  the  wheels  on  the  axles, 
when  mounting  alone  is  considered,  are  greatest  in  the  hub  near 
the  axles.  These  strains,  although  apparently  high  in  the  case 
of  the  greatest  values  recorded,  are  steady  and  not  repeated  as 
is  the  case  with  the  majority  of  strains  produced  in  service. 
Moreover,  these  highest  strains  extend  through  a  comparatively 
thin  layer  of  metal  near  the  axle,  and  this  strained  layer  is  backed 
by  other  layers  of  less  strained  metal. 

(8)  In  general  the  static  load  is  transmitted  from  hub  to 
rail,  mainly  through  the  outer  plate,  while  the  smaller  portion  of 
the  load  goes  through  the  inner  plate.  This  effect  is  more 
pronounced  in  the  740-lb  Arch  Plate  than  in  the  725-lb.  M.  C.  B. 
type  of  wheel.     This  division  of  the  load  seems  desirable  in  that 
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the  inner  plate  may  be  eonsidered  as  affording  reserve  capacit.y  for 
the  purpose  of  absorbing  the  effect  of  side  thrust  on  the  flange 
when  rounding  curves. 

(9)  Pressing  the  wheel  on  the  axle  is  much  more  effective  in 
producing  stress  or  strain  within  the  wheel  than  the  normal  static 
load,  and  it  therefore  follows  that  the  addition  of  the  normal 
static  load  does  not  gi'catly  add  to  or  otherwise  modify  llie  more 
imjKjrtant  of  the  existent  strains  cansed  by  mounting. 

(10)  Abnormally  heavy  loads,  in  the  absence  of  impact,  side 
thrust,  etc.,  may  be  sustained  by  wheels  without  increasing  the 
normal  strains,  already  existent,  to  such  an  extent  as  to  seriously 
stress  the  wheel. 

(11)  The  maximum  strains  reported,  caused  by  the  combined 
effects  of  mounting  and  static  load,  appear  large  when  expressed 
in  terms  of  the  stress  that  would  exist  if  the  material  were  sub- 
jected to  simple  tension  or  simple  compression.  As  previously 
stated,  these  strains  are  produced  in  the  main  b}'  the  mounting 
load,  and  the  more  important  strains  are  those  of  tension,  which 
in  general  are  greatest  near  the  bore  of  the  wheel.  The  character 
of  the  strains,  and  the  backing  of  the  matej'ial  most  strained  by 
less  strained  material,  probably  makes  possible  without  injury 
to  the  material  greater  sti'ains  or  deformations  than  would  be 
allowable  in  the  case  of  material  not  so  supported  and  subjected 
to  simple  tensile  stress.  As  previously  stated,  the  problem  is  one 
of  compound  stress,  and  the  method  used  in  computing  the 
stresses  reported  is  thought  to  give  the  highest  values  for  these 
that  could  be  expected  under  such  conditions.  Any  error  in 
estimating,  from  the  stress  values  determined  in  this  way,  when 
elastic  failure  might  take  place,  would  be  upon  the  side  of  safety. 
In  this  connection  it  should  also  be  remembered  that  the  stresses 
reported  are  those  produced  by  two  forms  of  wheel  loading  only, 
and  that  the  strains  and  stresses  resulting  from  these  two  forms 
of  loading  (mounting  and  static)  may  be  nuiterially  modified  by 
additional  stress-producing  factors  to  which  a  wheel  may  be 
subjected  in  service. 
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APPENDIX  A 

A  Short  History  of  the  Chilled  Iron  Car  Wheel  with  Infor 
MATiON  Concerning  Its  Manufacture  and  Si'ecial  Properties 

If  molten  iron  comes  in  contact  with  iron  at  room  temperatures 
or  is  poured  into  a  metallic  mold  it  quickly  solidifies.  The  sudden 
solidification  of  the  metal  prevents  the  combined  carbon  therein  from 
precipitatino^  out,  thereby  producing  a  metal  in  which  all  the  carbon 
is  in  the  combined  form;  that  is,  the  so-called  "white  cast-iron"  or 
''chilled  iron"  is  produced.  This  principle  was  discovered  in  England 
about  1820  by  a  foundry  workman  who,  quite  by  accident,  noticed  that 
when  the  excess  metal  remaining  in  the  ladles  after  pouring  the  mold 
was  emptied  on  the  floors,  the  metal  which  came  into  contact  with 
iron  had  quite  different  pi'operties  from  that  which  solidified  in 
contact  with  sand  and  air  ah)ne.  The  extreme  hardness  and  resistance 
to  wear  of  that  poi'tion  of  a  casting  chilled  in  this  way  were  quite 
evident.  In  Amei'ica  the  application  of  the  principle  of  chilling  to 
car  wheel  manufacture  occurred  about  1835.  Three  years  later  a 
Mr.  Lobdell  designed  a  wheel  which  marked  the  successful  entrance 
of  chilled  iron  into  the  car  wheel  field.  In  1850  Mr.  N.  Washburn 
conceived  a  design  of  a  chilled  iron  wheel  which  at  that  time  weighed 
500  lbs.  The  general  features  of  this  type  of  wheel,  Figs.  42  and  43, 
are  the  merging  of  inner  and  outer  plates  into  a  single  plate,  the 
brackets  and  the  ''ogee"  curve  being  formed  on  the  outer  face  of  the 
wheel.  In  1904  the  Master  Car  Builders  Association  adopted  three 
designs  of  chilled  wheels  of  the  Washburn  type  weighing  600,  650, 
and  700  lbs.,  as  Tecommended  practice  for  cars  of  30,  40,  and  50  ton 
capacity.  Slight  vai'iations  in  details  of  design  persisted  u])  to 
1909,  after  which,  reasonably  strict  adherence  to  the  recommended 
M.  C.  B.  standards  was  maintained.  As  a  result  of  the  maximum 
weight  mentioned  in  the  M.  C.  B.  specifications,  these  three  designs 
became  commonly  known  as  625-lb.,  675-lb.,  and  725-lb.  wheels.  In 
1917  the  675-lb.  Washburn  type  of  wheel,  generally  spoken  of  herein 
as  the  M.  C.  B.  type,  for  the  40-toii  car  was  replaced  b}-  a  700-lb. 
pattern  of  different  design.  This  design,  generally  called  the  Arch 
Plate  type,  diff'ers  from  the  Washburn  type  in  that  the  three  curves 
of  the  "ogee"  curve  on  the  outer  face  of  the  latter  have  l)een  replaced 
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by  a  single  curve  of  lar«j:e  radius.  Au  additional  wlioel  of  tlie  Arch 
Plate  type  weigliin<2^  850-lb.  was  also  adopted  as  recommended  practice 
for  70-ton  capacity  cars.  In  1920  the  Mechanical  Section  of  the 
American  Railroad  Association  adopted  as  recommended  practice 
two  more  car  wheels  of  the  Arch  Plate  design  with  nominal  weights  of 
650  and  750  lbs.,  these  to  take  the  place  of  the  former  625  and  725-lb. 
wheels.     Four  33-in.  cast-iron  wheels  all  of  the  Arch  Plate  design 


M.C.  B.  or  IVashburnlype 


Arch  Plate  Type 


Fig.  43.     Sections  of  Chilled  Car  Wheels 


weighing  respectively  650,  700,  750,  and  850  lbs.  are  now  recommended 
practice  for  the  American  Railroad  Association.  The  underlying 
reasons  for  substituting  the  Arch  Plate  for  the  Washburn  pattern 
are  due  to  both  laboratory  and  service  indications  that  the  former, 
assuming  equal  weight  of  wheels  in  both  cases,  transmits  the  imposed 
loads  with  less  internal  strain,  and  as  a  corollary  thereof,  with  a  greater 
factor  of  safety.  This  very  briefly  covers  the  history  of  the  chilled 
wheel  to  date. 

The  manufacture  of  chilled  iron  wheels  is  a  rather  complex 
problem  and  is  carried  on  in  a  highly  specialized  manner.  One  of 
the  staples  of  the   iron   markets   in   this   country   is   old   worn   out 
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wheels  and  they  represent  from  40  to  60  per  cent  of  the  mixture  used 
in  the  production  of  new  wheels.  The  balance  of  the  material  consists 
of  pig  iron,  special  scrap,  and  alloys.  To  give  the  wheel  certain 
properties,  and  to  enable  it  to  meet  service  conditions  successfully 
and  pass  the  rigid  inspections  imposed  by  the  recommended  M.  C.  B. 
specifications,*  it  is  necessary  to  control  the  relative  proportions  of 
scrap  wheels,  pig  iron,  and  alloys  quite  closely.  In  order  to  do  this, 
cliemical  laboratories  operated  by  responsible  chemists  are  maintained 


Pig.  44.     Cross  Section  of  a  Car  Wheel  Mold 


as  adjuncts  to  the  foundries.  Tliese  laboratories  fui'nish  both  the 
necessarily  accui'ate  control  of  the  nuiterial  that  goes  into  the  cupola 
and  an  indicat  ion  of  the  cliai'aeter  of  the  finished  pi'oduct.  The  method 
of  iii()l<ling  a  east-iron  car  wheel  is  indicated  by  tlie  cross-section  of  a 
ear  wlieel  mold  shown  in  Fig.  44.  Identification  of  the  various  parts 
of  the  mold  is  easily  made  by  means  of  the  figui'e.  Attention,  however, 
is  specifically  directed  to  the  chill.  This  is  a  cast-iron  ring  of  special 
chemical  composition,  whose  inner  face  is  machined  to  the  desired 
contour  of  the  tread  and  one  half  of  the  flange  as  shown.  It  rests 
on  the  nowel  and  in  turn  supports  the  cope  of  the  mold.  After  the 
mold  is  made  up,  everything  is  ready  for  pouring.  The  molten 
metal  is  taken   from  the  bottom  of  the  ladle  so  that   the   impurities 
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remain  in  the  ladle.  About  12  seconds  is  taken  to  fill  a  mold  for  a 
725-lb.  wheel.  When  the  molten  metal  carrying  carbon  in  the  com- 
bined state  cames  in  contact  with  the  cold  chill,  the  sudden  solidifica- 
tion of  the  metal  does  not  allow  sufficient  time  for  the  precipitation  of 
the  carbon  from  the  iron — thereby  producing  an  extremely  hai'd  metal 
called  ''chilled  iron"  in  that  part  of  the  wheel  which  comes  into  con- 
tact with  the  rail.  The  ''chilled  iron"  exists  to  a  depth  of  from 
1/2  to  1  in.  The  balance  of  the  mold,  which  consists  of  specially 
tempered  molding  sand  and  two  dry  sand  cores,  allows  a  more 
gradual  cooling  or  solidification  of  the  metal  in  the  other  parts  of 
the  wheel.  Consequently,  the  combined  carbon  in  the  molten  metal 
has  sufficient  time  to  precipitate  out  during  cooling,  which  in  turn 
produces  a  gradation  in  the  relative  amounts  of  combined  and 
graphitic  carbon  across  the  section  of  the  wheel.  This  results  in  a 
wheel  whose  tread,  or  that  part  of  the  wheel  which  comes  in  contact 
with  the  rail,  consists  of  an  extremely  hard  metal  capable  of  resisting 
both  excessive  deformation  and  wear,  while  the  remainder  of  the 
wheel  consists  of  relatively  soft  material  which  can  be  easily  machined, 
and  which  is  suited  to  resist  the  stresses  put  upon  it  in  service. 

After  the  wheel  has  been  poured  it  is  allowed  to  remain  in  the 
mold  for  about  5  min.  or  until  it  hq^  solidified,  after  which  it  is 
removed  and  placed  in  a  brick  lined  pit.  After  the  pits  are  filled  they 
are  closed,  and  the  temperature  of  the  wheel  at  first  becomes  uniform 
and  then  gradually  reduces  over  a  period  of  about  3  to  5  days.  This 
process  is  called  annealing,  and  has  for  its  purpose  the  removing 
of  such  strains  as  may  have  arisen  because  of  the  unequal  conditions 
of  cooling  while  pouring.  Proper  annealing  is  important,  as  wheels 
cooled  in  air  are  apt  to  crack  and  are  subject  to  failure  on  account  of 
excessive  internal  strains.  If  wheels  containing  high  residual  strains 
were  placed  in  service  a  potential  danger  would  exist,  and  might  result 
in  serious  wheel  failures.  For  this  reason  careful  attention  is  given 
to  the  process  of  pitting  or  annealing. 

After  having  been  cooled  in  the  pits  the  wheels  are  removed  and 
cleaned  of  molding  sand  by  means  of  a  sand  blast,  and  are  then 
subjected  to  rigid  inspection  to  see  if  the  specifications  of  the  buyer 
have  been  fufilled.  After  having  passed  inspection  the  wheels  are 
bored  out  at  the  center — the  only  machine  work  performed  on  the 
chilled  car  wheel  during  the  process  of  manufacture.     In  machining. 
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the  finished  diameter  of  the  bore  is  made  slightly  smaller — about 
0.002  in.  per  in.  of  bore  diameter — than  the  axle  on  which  it  is  to  be 
mounted.  The  slight  difference  between  the  size  of  the  wheel  bore 
and  the  axle  requires  a  pressure  of  about  10  tons  per  in.  of  axle 
diameter  in  order  to  force  the  wheel  on  the  axle;  that  is,  a 
6-in.  wheel  bore  would  require,  approximately,  the  pressure  of  about 
60  tons  to  mount  the  wheel  on  the  axle.  Mounting  is  accomplished  in 
specially  built  hydraulic  wheel  presses,  and  the  wheel  is  then  ready 
to  be  placed  in  service. 


THE  PROPERTIES  OF   CHILLED  IKON   CAR   WHEELS 


81 


APPENDIX  B 

Tabulated  Results    . 

Tables  2  to  9,  inclusive,  present  figures  relating  to  the  strain 
determinations  which  were  made  in  connection  with  the  eight  wheels 
tested.  In  these  tables  the  deformations  measured  by  the  strain  gage 
have  been  reduced  so  that  they  are  listed  as  unit  strains.  An  absence 
of  sign  indicates  tensile  strain ;  whereas  a  minus  sign  denotes  com- 
pressive strain. 


Table  2 

Unit  Strains  Produced  by  Mounting  Wheel  on  Axle 
33-in.  725-lb.  M.  C.  B.  Wheel  No.  671  237 

Strains  Given  in  Table  are  Expressed  in  Hundred-thousandths 
of  Inches  Per  Inch 

On  Outer  Face  of  Wheel 


Gage- 

Radials  along  which  Gage-Iiines  Are  Located 

Lines 

A 

B 

C 

D 

E 

F 

G 

II 

IR 
2R 
3R 
4R 
5R 
4T 
oT 

• 

—43 

—32 

—102 

—65 

—105 

222 

182 

-28 

—109 

—56 

—24 

—116 

66 

116 

13 

—69 

—127 

—31 

—32 

39 

56 

— 10 

—82 

—117 

—12 

—51 

53 

62 

On  Inner  Face  of  Wheel 


oR 
5T 


108 

—62 
177 

—64 
173 

—4 

218 
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Table  2a 

Unit  Strains  Pkoduced  bv  Combined  Effects  of  Mounting 
AM)  Static  Loads 

33-iii.  725-lb.  M.  C.  B.  Wheel  No.  671  237 

Strains  Given  in  Table  are   Expressed  in   HLiudred-thousandths 

of  Iiu'lics  Per  Inch 


Loads  Applied  at  A 

On  Outer  Face  of  Wheel 

t 

On  Inner  Face  of  Wheel 

Effect 

of 
Mount- 
ing 

Alone 

Combined  Effects  of 
Mounting  and  Static  Loads 

Combined  Effects  of 
Mounting  and  Static  Loads 

Gage- 
Lines 

Static  Loads  of 

Gage- 
i  Lines 

i 

of 
Mount- 
ing 
.\lonc 

Static  Loads  of 

21  000 
lb. 

1 
80  500  150  000i200  000 
lb.           lb.     1      lb. 

21000 
lb. 

80  500  1150  000  200  000 
lb.     j       lb.     i      lb. 

i             : 

BIR 
B2R 
B3R 
B4R 
B5R 

—43 
—32 

-102 

—65 

—105 

—49 
—36 
—99 
—68 
-131 

—30     i  —56       —60 
—41        —44       —63 

-104      —118       -118 
—82     '  —72       —72 

—116       —97       —85 

1 

! 

i 

- 

B4T 
B5T 

222 

182 

215 
177 

213 
172 

227 
185 

217 
171 

B5T 

108 

106          104          114          114 

DIR 

—28 

—109 

—56 

—24 

—116 

—36 

—118 

—65 

—37 
—121 
—49 

D5R      -^2 

D2R 

D3R 

D4R 

D5R 

[ 

—50 

161 

159 

182 

D4T 

66 
116 

D5T 

177 

D5T 

177 

FIR 

13 
—69 
—127 
—31 
—32 

5 

16 

FSR      -64 

i 

FoT         173 

'               '               1 

F2R 

F3R 

1 

F4R 

—14 

—30 

F5R 

—76        —66 

1 

F4T 

39 
56 

1 

F5T 

190 

195 



HIR 
H2R 
H3R 
H4R 
HSR 

—10 
—82 
—117 
—12 
—51 

—22 
—99 
-125 
—11 
—51 

—16 
—103 
—126 
0.0 

—43 

—  9 
—99 
—125 
—20 
—60 

—  3 

—104 

—139 

—15 

—68 

H5R 

2 
210 

11 
213 

—7 
221 

—12 

H4T 
H5T 

53 
62 

54 
56 

39 
53 

45 
60 

32 
65 

H5T 

218 

226 

THE  PROPERTIES  OF   CHILLED   IRON   CAR   WHEELS 
Table  2a — Continued 


83 


Unit  Strains  Produced  by  Combined  Effects  of  Mounting! 
AND   Static   Loads 

33-in.  725-lb.  M.  C.  B.  Wheel  No.  671  237 

Strains  Given  in  Table  are  Expressed  in  Hundred-thousandths 

of  Inches  Per  Inch 


Loads  Applied  at  C 


Effect 
of 


D2R  -109 

IJ3R  —50 

D4R  —24 

D5R  —1 10 


D4T  66     , 

D5T         117 

I  i 


Static  T.ofids  of 


-118 
— 0«i 
—34 

-124 


44 
110 


vjURr- 

Mount- 

ing 

Alone 

80  500 

202  500        1 

lb. 

lb.            1 

BIR 

—43 

—39 

—35         i 

B2R 

—32 

B3R 

-102 

—  124 

—149 

B4R 

—65 

— 7(» 

—89 

B5R 

—105 

—104 

—108 

B4T 

223 

233 

234 

B5T 

182 

178 

177 

DIR 

—28 

—28 

—45 

118 
-92 


-121 


37 
115 
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Table  3 

Unit  Strains  Produced  by  Mounting  Wheel  on  Axle 
33-in.    725-lb.  M.  C.  B.  Wheel  No.  671  449 

Strains  Given  in  Table  are  Expressed  in  Hundred-thousandths 
of  Inches  Per  Inch 


On  Outer  Face  of  Wheel 


Radials  along  which  Gage-Lines  Are  Located 

Gage- 

Lines 

A 

B                   C 

D 

E                   F 

G 

H 

IR 

—13 

1 

—52 

—42 

[ 

28 

—25 

2R 

—67 

-57 

—59 

3R 

—72 

—80 

—75 

-74 

—116 

4R 

31 

—  7 

24 

-49 

—29 

]T 

20 

41 

5 

23 

2T 

21 

31 

47 

9 

28 

3T 

48 

26 

37 

39 

44 

4T 

25 

73 

78 

64 

55 

5T 

103 

115 

92 

149 

On  Inner  Face  of  Wheel 


IR 

—16 

iRb 

—27 

—18 

—29 

—20 

—6 

2R 

—14 

2Rb 

—53 

—  6 

—74 

.... 

—28 

3R 

—23 

—25 

—30 

0.0 

—17 

4R 

—16 

—7 

4 

22 

•     —10 

0.0 

5R 

.... 

—31 

—39 

—32 

2T 

36 

24 

3T 

J  55 

30 

62 

32 

49 

72 

4T 

110 

57 

51 

15 

79 

59 

5T 

161 

... 

136 

141 

158 
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Table  3a 

Unit  Strains  Produced  by  Combined  Effects  of  Mounting 
AND  Static  Loads 

33-in.  725-lb.  M.  C.  B.  Wheel  No.  671  449 

Strains  Given  in  Table  are  Expressed  in  Hundred-thousandths 

of  Inches  Per  Inch 


Loads  Applied  at  A 


On  Outer  Face  of  Wheel 

On  Inner  Face  of  Wheel 

Combined  Effects  of 

Combined  Effects  of 

Effect 

of 
Mount- 

Mounting  and  Static  Loads 

Gage- 
Lines 

Effect 

of 
Mount- 

Mounting and  Static  Loads 

Gage- 

Static  Loads  of 

Static  Loads  of 

Lines 

Alone 

21000 
lb. 

80  500 
lb. 

150  000 
lb. 

200  000 
lb. 

ing 
Alone 

21000 
lb. 

80  500 
lb. 

150  000  200  000 
lb.           lb. 

AIR 

—13 

—19 

—38 

—83 

—123 

AlRb 

—27 

—27 

—37 

—55        —81 

A2R 

.    .  . 

A2Rb 

—53 

—53 

—50 

—61        —97 

A3R 

—72 

—84 

—140 

-96 

—160 

A3R 

—23 

—28 

—31 

—34        —40 

A4R 

31 

27 

—  15 

4 

—41 

A4R 

—16 

—  9 

—  7 

—  17       —22 

AIT 

20 

26 

42 

62 

95 

A2T 

21 

27 

35 

55 

81 

o5 

52 

54 

83          108 

A3T 

48 

61 

71 

80 

123 

A3T 

110 

103 

116 

122          154 

A4T 

25 

37            45 

75 

108 

A4T 
AST 

161 

159 

156 

175          185 

Loads  Applied  at  G 


Static  Loads  of 

Static  Loads  of 

80  500           ;       202  000 

80  500 

202  000 

• 

28 

lb.                          lb. 

—14 

lb. 

lb. 

GIR 

—     8                    —  59 

2 

—27 

G2R 

-57 

—  121                    —197 

G2R 

GSR 

-74 

—143                    —267 

G4R 

-49 

—  75                    —109 

GIT 

5 

29 

82 

24 

37 

84 

G2T 

9 

27 

74 

G2T 

158 

164 

184 

G3T 

39 

66 

115 

G4T 

64 

92 

132 

1 

GST 



8G 


ILLINOIS  ENGINEERING   EXPERIMENT   STATION 


Table  4 

Unit  Strains  Produced  by  Mounting  Wheel  on  Axle 

33-m.  740-lb.  Arch  Plate  Wheel  No.  04  474 

Strains  Given  in  Table  are  Expressed  in  Hundred-thousandth 

of  Inches  Per  Inch 


On  Outer  Face  of  Wheel 


Radials  alon^  which  Clage-Lines  Are  Located 


Mean 


Gage- 

Experi- 

Lines 

mental 

A 

B 

C 

D 

E 

F 

G 

H 

•  Strain 

2R 

48 

—27 

8 

—  14 

38 

—  7 

52 

4:', 

IS 

:i\{ 

—19 

—34 

—32 

—35 

—38 

-18 

—  2 

—17 

—24 

IR 

—SO 

—71 

—73 

—82 

—83 

—82 

—91 

—109 

—84 

;-)R 

-7(5 

—20 

—129 

—80 

— IIG 

—83 

—72 

—98 

—84 

V,l{ 

—38 

— fil 

—57 

—42 

—83 

—00 

-70 

—66 

—60 

7U 

—11 

—  29 

—72 

—42 

— o(J 

—  2 

—57 

—35 

— 3S 

SR 

12 

—  8 

—17 

—12 

—  23 

—  9 

—24 

—20 

—14 

9R 

3 

20 

—17 

—  8 

—  9 

—24 

—18 

—  (5 

—  7 

IT 

77 

74 

95 

105 

172 

137 

CN 

78 

101 

2'!' 

»iS 

113 

109 

(17 

142 

127 

14.] 

97 

108 

■.iT 

(iS 

1.-).-) 

85 

2.5 

70 

97 

19 

85 

75 

4T 

r,2 

11.^ 

3() 

17 

)i5 

(13 

35 

45 

54 

oT 

2") 

71 

28 

2() 

45 

37 

(il 

42 

(iT 

:],s 

35 

IG 

23 

2:i 

7 

:U) 

34 

26 

7T 

Hi 

13 

—  3 

8 

13 

2(5 

27 

18 

15 

8T 

23 

11 

—14 

3 

18 

2 

—  0 

1         48 

11 

9T 

11 

26 

.—  4 

25 

20 

19 

8 

4 

14 

On  Inner  Face  of  Wheel 


2R 

—39 

—23 

—0(5     , 

—52 

—(59 

—38 

-^7 

—13 

—43 

3R 

—30 

0.01 

—29 

—42 

15 

17 

17 

—  7 

411 

—  8 

—  4 

—16 

4 

—  8 

3 

4 

—  4 

5R 

—21 

—  1 

—  6 

1 

—29 

—15 

7 

—  9 

ORa,  h 

.... 

—52 

—58 

-59 

^")(i 

(5R 

—18 

2 

—29 

—  15 

7Ra 

—34 

—44 

—23 

-28 

-42 

—34 

7R 

—38 

12 

—19 

—34 

—29 

— ()4 

—47 

—57 

—34 

7Rb 

—33 

—26 

-38 

—  3 

.... 

— 25 

9Ra 

—26 

—11 

-39     ' 

8 

—17 

—17 

9Rb 

—17     1 

—27 

—32 

—19 

.... 

—24 

IT 

174 

263 

200 

171 

200 

150 

197 

197 

194 

2T 

95 

282 

187 

128 

104 

91 

149 

139 

154 

3T 

82 

131 

77 

44 

98 

4S 

80 

80 

4r 

•    81 

105 

74 

30 

72 

96 

76 

5T 

51 

98 

70 

41 

52 

03 

74 

04 

(5T 

84          ; 

1 

42 

(53 
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Table  4a 

Unit  Strains  Produced  by  Combined  Effects  of  Mounting 

AND  Static  Loads 

33-in.  740-lb.  Arch  Plate  Wheel  No.  04  474 

Strains  Given  in  Table  are  Expressed  in  Hundred-thousandths 

of  Inches  Per  Inch 


Loads  Applied  at  A 


On 

Outer  Face  of  Wheel 

1 

On  Inner  Face  of  Wheel 

Combined  Effects  of 

Effect 
of 

Combined  Effects  of 

Effect 

Mounting  and  Static  Loads 

Mounting  and  Static  Loads 

Gage- 
Lines 

of 

Gage- 
Lines 

Mount- 

Static Loads  of 

Mount- 

Static Loads  of 

ing 
Alone 

ing 
Alone 

21  100 

81000 

150  000 

202  000 

21  100 

81000 

150  000 

202  000 

lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

A2R 

48 

16 

14 

59 

56 

A2R 

—39 

—42 

—35 

-A5 

—72 

A3R 

—19 

—33 

—90 

—65 

—89 

A3R 

—30 

—25 

—  6 

—35 

—62 

A4R 

—80 

—105 

—157 

-176 

—249 

A4R 

—  8 

—15 

—  2 

0.0 

—30 

A5R 

—76 

—96     1—185 

—167 

—220 

A5R 

—21 

—27 

—27 

—32 

—27 

A6R 

—38 

—61 

—124 

—125 

—174 

A7Ra 

—34 

—33 

—15 

—44 

—65 

A7R 

—11 

—29 

—76 

—80 

—113 

A7R 

—38 

—37 

—18 

—57 

—65 

A8R 

2 

—35 

—14 

—70 

—109 

A9R 

3 

—  9 

—31 

—60 

—94 

A9Ra 

—26 

—42 

—35 

—80 

—107 

AIT 

77 

54 

113 

110 

127 

AIT 

174 

175 

179 

189 

203 

A2T 

68 

76 

117 

102 

109 

A2T 

95 

89 

130 

127 

135 

A3T 

68 

34          104 

88 

76 

A3T 

■     82 

110 

105 

120 

131 

A4T 

52 

36            75 

64 

91 

A4T 

81 

67 

90 

123 

142 

A5T 

25 

11            42 

33 

56 

AST 

51 

57 

58 

67 

125 

A6T 

38 

27            48 

56 

74 

A7T 

16 

7            23 

32 

37 

AST 

23 

7            22 

52 

93 

A9T 

^^ 

9            25 

39 

63 

1 

Loads  Applied  at  C 


Static  Loads  of 

Static  Loads  of 

21400 

81500 

151  000 

200  000 

21400 

81  500 

151  000200  000 

lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

C2R 

8 

27 

3 

4 

3 

C2R 

—66 

—55 

-49 

—70 

—83 

C3R 

—32 

—78 

—111 

—109 

—116 

C3R 

0.0 

12 

20 

—  5 

—13 

C4R 

—73 

—87 

—155 

—162 

—194 

C4R 

—  4 

—10 

—  2 

2 

10 

C5R 

—129 

—120 

—179 

—214 

—251 

C5R 

—  1 

—12 

0.0 

5 

13 

C6R 

—57 

—61 

—113 

—131 

—155 

C7Ra 

—23 

—19 

—  1 

—42 

—42 

C7R 

—72 

—71 

-135 

—115 

—150 

C7R 

—19 

—  7 

9 

—19 

—24 

C8R 

-17 

—37 

—99 

—56 

—89 

C7Rb 

—33 

—  6 

3 

—19 

—  9 

C9R 

-17 

-18 

—60 

—70 

—94 

C9Ra 

—39 

—18 

—22 

—98 

—112 

C9Rb 

-17 

—18 

—  3 

—18 

-16 

CIT 

95 

81 

128 

123 

149 

CIT 

200 

197 

180 

190 

205 

C2T 

109 

87 

130 

145 

147 

C2T 

187 

169 

171 

182 

200 

C3T 

85 

36 

100 

127 

145 

C3T 

131 

132 

118 

141 

159 

C4T 

36 

29 

57 

40 

C4T 

105 

116 

82 

133 

133 

C5T 

28 

27 

41 

47 

53 

C5T 

98 

75 

84 

106 

136 

C6T 

16 

29 

39 

51 

68 

C6T 

84 

73 

76 

122 

142 

C7T 

—  3 

1 

15 

20 

37 

C8T 

—14 

0.0 

24 

27 

54 

C9T 

-4 

20 

38 

79 

88 
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Table  5 

Unit  Strains  J^roduced  by  Mounting  Wheel  on  Axle 

;53-iu.  740-lh.  Arch  IMate  Wheel  No.  0-4  476 

Strains  Given  in  TaV)l('  arc  Expressed  in  Hinidred-thousaiultlis 

of  Inclios  J*er  Inch 


On  Outer  Face  of  Wheel 


Gage- 
Lines 


2R 
3R 
4R 
oR 
()R 
7R 
SR 
9R 


IT 
2T 
3T 
4T 
5T 
6T 
7T 
8T 
9T 


Radials  along  which  Gage-Lint-s  Arc  Located 


36 
—15 
—64 
—71 
—38 
—23 
—11 

34 


123 
128 
59 
33 
36 
26 
29 
15 
-  3 


4 
—61 
—88 
—90 
--65 
—24 
—31 

3 


114 
80 

137 
90 
46 
32 
23 


20 
-31 
-68 
-96 
-47 
-23 
-  9 
0.0 


-81 
-23 
-77 
114 
-53 
-45 
-12 
8 


129 
70 
51 
16 
22 
23 

-39 
43 

-14 


—22 
—61 
-112 
—89 
—53 
—45 

—  3 

—  1 


114 
98 
53 
30 
13 
13 
—14 
—  1 
15 


—29 
—49 
—86 
—82 
—67 

—14 
—23 


102 
44 
62 
37 
22 
8 

—  3 
11 

—  7 


—  3 
—61 
-128 
-105 
—71 
—35 
—12 
—18 


83 
99 
37 
123 
49 

7 
11 

27 


Mean 
H^xperi- 
mental 

Straip 


—15 
— 12 

— K5 

90 

."iC. 

-30 

-13 

H 


100 

86 


On  Inner  Face  of  Wheel 


2R 

—40 

—41 

—50 

—99 

—88 

—80 

-42 

—32 

—59 

3R 

7 



—14 

—23 

—23 

—18 

—35 

—10 

—17 

4R 

—  1 

—30 

—  8 

—15 

11 

—  7 

—12 

—  9 

5R 

-28 

—22 

—23 

—24 

— 41 

—21 

—25 

-26 

6Ra 

—23 

6R 

—29 

—37 

—42 

6 

—26 

7Ra 

—42 

—40 

—35 

—35 

—41 

—61 

53 

—32 

—29 

7R 

—42 

—39 

—31 

—28 

—35 

7Rb 

—41 

8R 

—15 

.... 

9Ra 

—27 

—  8 

—31 

—19 

—43 

—48 

—21 

0.0 

—25 

9Rb 

.... 

—37 

IT 

174 

167 

160 

195 

166 

123 

176 

180 

168 

2T 

112 

189 

133 

129 

128 

127 

172 

117 

138 

3T 

84 

97 

78 

68 

98 

70 

82 

4T 

60 

53 

61 

21 

87 

83 

61 

5T 

55 

54 

74 

47 

68 

81 

63 

6T 

35 

36 

85  ~ 

65 

25 

71 

35 

50 
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Table  5a 

Unit  Strains  Produced  by  Combined  Effects  of  Mounting 

AND  Static  Loads 

33-in.  740-lb.  Arch  Plate  Wheel  No.  04  476 

Strains  Given  in  Table  are   Exprcsned   in    Hundred-thousaii<lth 

of  Inches  Per  Inch 


Loads  Applied  at  A 


On  Outer  ¥ 

ace  of  Wheel 

■ 

On  I 

nner  Face  of  Wheel 

(; 

jmbincd  Effects 

of 

1 

t'ombiiicd  Effects  of 

Mounting  and  Static  Loads 

Mounting  and  Static  Loads 

Effect 
of 

Effect 
of 

Gage- 

Static  Loads  of 

Gage- 
Lines 

Static  Loads  of 

Lines 

Mount- 
ing 

Mount- 
ing 
Alone 

21  100 

'                1 
81  000  !l50  000  202  000 

21  100 

81000 

150  000 

202  000 

lb. 

lb. 

lb. 

lb.     1 

lb. 

lb. 

lb. 

lb. 

A2R 

36 

23 

—  4 

21 

26 

A2R 

—40 

—41 

—32 

—66     I  —80 

A3R 

—15 

—33 

—92 

—68 

—92 

A3R 

7 

5 

14 

—13 

A4R 

—64 

—95, 

—138 

—147 

-200 

A4R 

—  1 

12 

14     j  —  2 

—  1 

A5R 

—71 

—94 

-143 

—  169 

—213 

A5R 

—28 

—32 

—15     !  —31 

—104 

A6R 

—38 

—62 

—102 

-111 

-151 

A7R 

—23 

—38 

—66 

—88 

—118     ' 

A7Ra 

—42 

—29 

—19        —65 

—76 

A8R 

—11 

—20 

—55 

—87 

—  122     : 

A9R 

34 

13 

—35 

—41 

-83   : 

A9Ra 

-27 

—22 

—38        —90 

—111 

AIT 

123 

116 

156 

145 

163 

AIT 

174 

178 

202     1     196  • 

198 

A2T 

128 

150 

181 

155 

173     i 

A2T 

112 

144 

123     1      134 

151 

A3T 

59 

54 

72 

83 

97 

A3T 

84 

74 

91      i      122 

140 

A4T 

33 

30 

41 

43 

71 

A4T 

60 

92 

86     i       79 

107 

AST 

36 

35 

29 

28 

50     ! 

A5T 

55 

43 

67     1       93 

•  101 

A6T 

26 

10 

18 

41 

59 

A6T 

35 

23 

53 

62 

81 

A7T 

29 

30 

51 

45 

109 

AST 

15 

3 

32 

32 

57 

A9T 

—3 

^-25 

2 

26 

65 

1 

! 

Loads  Applied  at  G 

Static  Loads  of 

Static  Loads  of 

21  400 

Sl'SOO 

151  000 

200  000 

21  400 

81500 

151  000,200  000 

—  3 

lb. 

lb. 

lb. 

lb. 

! 

lb. 

lb. 

lb. 

lb. 

G2R 

18 

4 

—11 

-6   ! 

G2R 

—42 

—82 

-66 

—90 

—90 

G3R 

—61 

-52 

—103 

—114 

—137     1 

G3R 

—35 

—69 

—72 

G4R 

-128 

-114 

-177 

—211 

—262     j 

G4R 

—  7 

—51 

—  4 

12 

23 

G5R 

-105 

-111 

—166 

—186 

—238 

G5R 

—21 

—31 

—14 

—29 

—16 

G6R 

—71 

—87 

-121 

—106 

—154     1 

G6R 

6 

—25 

—11 

2 

6 

G7R 

—35 

—39 

—75 

—69 

—107     1 

G7Ra 

53 

51 

82 

50 

69 

GSR 

-12 

0.0 

—38 

—62 

—104 

G7R 

—28 

—25 

—17 

—32 

—19 

G9R 

—18 

35 

—17 

—58 

—109 

G9Ra 

-21 

—29 

—  3 

—48 

-^2 

GIT 

83 

71 

106 

122 

140 

GIT 

176 

174 

fl93 

187 

159 

G2T 

99 

105 

148 

94 

157 

G2T 

172 

166 

200 

186 

219 

GST 

37 

29 

60 

38 

65 

G6T 

71 

69 

95 

84 

119 

G4T 

123 

113 

118 

135 

172 

G5T 

49 

35 

19 

49 

48 

G7T 

7 

14 

30 

24     i       30     1 

GST 

11 

-1 

11 

21            16 

G9T 

27 

6 

32 

63            94 
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Table  6 

Unit  Strains  Produced  by  Mounting  Wheel  ox  Axle 

33-in.  625-lb.  M.  C.  B.  Wheel  No.  809  711 

Strains  Given  in  Table  are  Expressed  in  Hundred-thousandths 
of  Inches  Per  Inch 


On  Outer  Face  of  Wheel 

1 

On  Inner  Face  of  Wheel 

Radials  along  which 

Mean 

Radials  along  which 

Mean 
Experi- 

Gage- 

Gage-Lines  Are  Located 

Experi- 

Gage- 

Gage-Lines  Are  Located 

Lines 

mental 
Strain 

Lines 

mental 

! 

Strain 

A 

B 

C 

D 

' 

A           B           C           D 

At 

37 

115 

95 

64 

78 

At 

115     j  190        142        126 

143 

Bt 

67 

109 

83 

86 

Bt 

100 

163 

137     1  102 

126 

Ct 

50 

68 

58 

83 

65 

Ct 

92 

136 

120     ,  103 

113 

Dt 

40 

108 

65 

86 

75       1 

Dt 

69 

118     !  100     i     81 

92 

Et 

37 

81 

51 

60 

57 

Et 

64 

107 

85 

71 

82 

Ft 

18 

67 

65 

50 

Gt 

28 

58 

38 

70 

48 

•• 

•• 

2T 

20 

57 

50 

42 

2T 

50 

75         53          58 

59 

3T 

20 

43 

28 

35 

32 

3T 

46 

50 

26     !     39 

40 

4T 

19 

9 

18 

20 

16 

4T 

30 

20 

9 

20 

5T 

5 

25 

18 

11 

15 

5T 

18 

31 

24 

24 

6T 

4 

22 

—  6 

—  3 

4 

6T 

27 

2 

28 

—  6 

13 

7T 

9 

9 

11 

1 

8 

6Tab 

..     1     16 

8 

12 

8T 

15 

15 

3 

—  8 

6 

7T 

18     j     28     '     23 

8 

19 

9T 

—14 

1 

—  6 

11 

—  2 

lOT 

—  6 

—  1 

4 

15 

3      ! 

1                             : 

IR 

—20 

—53 

—17 

—30 

—30 

IR 

—37     1     31      —56 

—32 

—24 

2R 

—23 

—35 

—31 

—20 

—27 

2R 

—31      —33 

—29 

—38 

—33 

3R 

—26 

—18 

—27 

—  5 

—19 

3R 

—  9 

—27 

—25 

—20 

4R 

—15 

—23 

—39 

—20 

-24 

4R 

—29 

—24 

—13 

—  7 

—18 

5R 

—17 

—10 

—33 

—25 

—21       ' 

5R 

—  5 

—  2 

0.0 

—20 

—  7 

6R 

-40 

—12 

—  6 

—19 

—19       1 

6R 

—10 

—  8 

—28 

1 

—11 

7R 

—19 

—19 

—24 

—21 

—21       i 

6Rab 

—25 

—46 

—36 

8R 

—  6 

0.0 

—20 

-2 

-7      ! 

7R 

—15 

—13 

—  6 

—16 

—12 

9R 

—  5 

—  1 

—17 

—  5 

—  7 

8Rab 
9Rab 

25           7            8      —18 

9          .  .            3     —13 

6 
0.0 

Gage-Lines  Adjacent  to 

• 

Core  Holes 

Between  iBetween 

Between 

Radiak  1  Radials 

Radials 

1 

! 

AandB    BandC 

D  and  A 

IT 

85              72 

68 

75 

1 

2T 

49            111 

88 

83 

1 

3T 

118              66 

.... 

92 

4T 

118              46 

82 
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Table  7 

Unit  Strains  Produced  by  Mounting  Wheel  on  Axle 
33-in.  625-lb.  M.  C.  B.  Wheel  No.  822  269 

Strains  Given  in  Table  are  Expressed  in  Hundred-thousandths 
of  Inches  Per  Inch 


On  Outer 

Face  of  Wheel 

1                       On  Inner  Face  of  Wheel 

Radials  along  which 

1 

Radials  along  which 

Gage-Lines  Are  Located 

Mean 

1 

Gage-Lines  Are  Located 

Mean 

Gage- 

Experi- 

;   Gage- 

Experi- 

Lines 

mental 
Strain 

Lines 

mental 
Strain 

1 

i 

A 

B 

C 

D 

A 

B 

c 

D 

At 

161 

213 

343 

150 

217 

At 

192 

156 

161 

245 

188 

Bt 

127 

171 

224 

130 

163 

Bt 

148 

131 

165 

228 

168 

Ct 

107 

161, 

249 

124 

160 

Ct 

136 

105 

140 

196 

144 

Dt 

115 

137 

171 

91 

128 

Dt 

127 

97 

129 

179 

133 

Et 

97 

115 

174 

106 

123 

Et 

106 

90 

131 

174 

:25 

Ft 

39 

121 

140 

84 

96 

Gt 

95 

99 

140 

94 

107 

2T 

86 

93 

128 

76 

96 

2T 

104 

77 

118 

147 

112 

3T 

60 

59 

105 

53 

69 

3T 

84 

62 

79 

148 

93 

4T 

54 

71 

45 

57 

4T 

45 

51 

39 

45 

5T 

40 

37 

44 

33 

38 

5T 

38 

45 

38 

40 

6T 

37 

41 

16 

16 

28 

6T 

29 

16 

28 

51 

31 

7T 

26 

16 

31 

12 

21 

6Tb 

—21 

8T 

9 

6 

11 

9 

9 

7T 

29 

12 

43 

42 

'32' 

9T 

20 

2 

22 

14 

14 

lOT 

11 

3 

15 

—  4 

6 

.... 

IR 

—50 

—88 

—47 

—62 

IR 

—29 

—53 

—58 

—66 

—52 

2R 

—42 

—50 

—77 

—56 

—56 

2R 

—56 

—34 

—54 

—48 

3R 

—  9 

—33 

—47 

—31 

—30 

3R 

—22 

—20 

—29 

—38 

—27 

4R 

—38 

—44: 

—50 

—36 

—42 

4R 

—24 

—20 

—10 

—  9 

—16 

5R 

—40 

—54 

—57 

—55 

—51 

5R 

—16 

—24 

—  4 

—21 

—16 

6R 

—59 

-64 

—52 

—55 

—58 

6R 

-6 

—24 

—16 

—15 

7R 

-52 

-37 

—37 

—49 

—44 

6Rab 

..      -24     1 

-33 

—28 

8R 

—18 

—29 

—16 

—18 

—20 

7R 

—11 

—16 

—20 

—13 

—15 

9R 

— 41 

-16 

—  4 

9 

—13 

8Rab 

10 

0.0 

34          15 

15 

9Rab 

4 

24 

10     —10 

7 

Gage-Lines  Adjacent  to 

Core  Holes 

Between 

Between 

Between 

Radials 

Radials 

Radials 

AandB 

BandC 

Band  A 

IT 

87 

100 

126 

104 

2T 

130 

118 

124 

3T 

101 

101 

4T 

"65 

57 

61 

92 
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Table  s 

Unit  Strains  Produced  by  Mounting  Wheel  on  Axle 
33-in.  725-lb.  M.  C.  B.  Wheel  No.  49  317 

Strains  Given  in  Table  are  Expressed  in  Hundred-thousandths 
of  Inches  Per  Inch 


On  Outer  Face  of  Wheel 

i 

On  Inner  Face  of  Wheel 

liadials  along  which 

j 

Radials  along  which 

Gage-Lines  Are  Located 

Mean 

Gage-Lines  Are  Located 

Mean 

Gage- 

Experi- 

Gage- 

Experi- 

Lines 

mental 
Strain 

Lines 

mental 

Strain 

■ 

A 

P 

C 

D 

A           H 

c;        I) 

At 

81 

79 

152 

122 

1 
108 

At 

134     j   129 

95 

109 

117 

Bt 

68 

79 

134 

121 

100 

Bt 

114     '   113 

86 

100 

103 

fCt 

59 

69 

125 

69 

80 

Ct 

107 

80 

79 

90 

89 

Dt 

47 

67 

94 

99 

77 

Dt 

99 

87 

77 

73 

84 

Et 

48 

61 

88 

94 

73 

Et 

92 

84 

81 

73 

82 

Ft 

44 

64 

101 

96 

76 

Ft 

83 

76 

67 

72 

74 

Gt 

29 

60 

76 

93 

64 

Gt 

83 

68 

66 

72 

3T 

38 

40 

56 

70 

51 

3T 

60 

51 

49 

65 

56 

4T 

28 

34 

3(3 

51 

37 

4T 

51 

37 

33 

40 

f5T 

34 

28 

24 

36 

30       ! 

5T 

17 

22 

21 

20 

6T 

22 

24 

26 

28 

25        1 

6T 

23 

44 

21 

29 

7T 

5 

17 

21 

21 

16 

7T 

14 

19 

18 

17 

8T 

10 

7 

8 

13 

10 

9T 

10 

8 

14 

11 

11 

lOT 

6 

8 

3 

7 

6 

IR 

—51 

—39 

—49 

—57 

—49 

IR 

—57 

—82 

—54 

—55 

—62 

2R 

—22 

—23 

—47 

—47 

—35 

2R 

—30 

—31 

—35 

—35 

—33 

3R 

-23 

—23 

—26 

—36 

—27 

3R 

—17 

—22 

—22 

—25 

—22 

4R 

-17 

—16 

—19 

—33 

—21 

4R 

—  6 

—  8 

—  7 

—10 

—  8 

5R 

1—14 

—23 

—22 

—35 

—24 

i       5R 

-  4 

—  5 

7 

—10 

—  3 

6R 

[—35 

-34 

—40 

—51 

—40 

'       6R 

-  6 

—  1 

—  7 

—  2 

—  4 

7R 

1-28 

—29 

—39 

—44 

-35 

i      7R 

—19 

—17 

—20 

-19 

—19 

8R 

—13 

—17 

—17 

—28 

-19 

1      8R 

2 

—27 

12 

9R 

1 

—  8 

—11 

—11 

-7       , 

8Ra 

—  (i 

—10 

—13 

4 

~  6 

1 

,       9Ra 

1 

—  8 

—  9 

—10 

2 

—  6 

Gage-L 

ines  Adjacent  to 
Chaplets 

! 

Gage-Lines  Adjacent  to 
Core  Holes 

Between 
Radials 
AandB 

Between  Between 
Radials    Radials 
B  and  C  D  and  A 

Between 
Radials 
A  and  B 

Between  Between  i 
Radials    Radials  ! 
B  and  C    D  and  A 

IT 
2T 
3T 
4T 
5T 

34     ;         63              64 
45     :         70              75 
48     1         82             69 
47     !         60     i         51 
32              36              50 

54 
63 
66 
53 

IT 

2T 

3T 

;       4T 

1 

51 
63 
63 
24 

45 
53 
40 
15 

47     ' 
13     : 

.      1 

50 
65 
SO 
17 
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Table  9 

Unit  Strains  Produced  by  Mounting  Wheel  on  Axle 

3a-in.  725-lb.  M.  C.  B.  Wheel  No.  49  305 

Strains  Given   in   Table  aro  Expressed  in  Hundred-thousandths 
of  Inches  Per  Inch 


On  Outer  Face  of  Wheel 

1 

On  Inner  Face  of  Wheel 

Radials  along  which 

Mean 

Radials  along  which 

Mean 

Gage- 

Gage-Lines  Are  Located 

Experi- 

Gage- 

Gage-Lines  Are  Located 

Experi- 

Lines 

mental 
Strain 

Lines 

_     mental 

Strain 

A 

B 

C 

D 

A      !     B 



C 

D 

At 

297 

104 

87 

139 

157 

At 

97 

167 

149 

156 

142 

Bt 

268 

82 

67 

116 

133 

Bt 

91 

132 

125 

126 

i         118 

Ct 

240 

79   ' 

61 

113 

123 

Ct 

83 

114 

116     j  110 

1         106 

Dt 

208 

47 

49 

110 

104 

Dt 

129 

107          95 
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APPENDIX  C 

Agreement  Between  the  Association  of  Manufacturers  of 

Chilled  Car  Wheels  and  the  University  of  Illinois, 

Providing   for   a    Cooperative    Investigation 

Relating   to    Chilled    Car   Wheels 

The  following  articles  of  agreement,  prepared  by  the  Engineering 
Experiment  Station  of  the  Universit}'  of  Illinois,  were  submitted  to, 
and,  on  January  26,  1916,  approved  by  Geo.  W.  Lyndon,  President 
of,  and  acting  for,  the  Association  of  Manufacturers  of  Chilled  Car 
Wheels.  The  articles  of  agreement  were  likewise  submitted  to,  and, 
on  February  8,  1916,  approved  by  the  Board  of  Trustees  of  the 
University  of  Illinois. 

(1)  That  the  Engineering  Experiment  Station  will  undertake  an  inves- 
tigation concerning  the  stresses  and  behavior  of  chilled  iron  car  wheels,  under 
prescribed  conditions,  the  details  of  the  work  to  be  determined  by  the 
Station  in  conference  with  the  Association's  Consulting  Engineer,  Mr.  F.  K. 
Vial. 

(2)  That  all  results  secured  from  such  an  investigation  shall  be  the 
property  of  the  Engineering  Experiment  Station.  They  may  be  published 
as  Station  bulletins  or  otherwise,  as  from  time  to  time  may  be  determined  by 
the  Director.  Prior  to  any  publication,  however,  the  intention  of  the  Director 
shall  be  formally  communicated  to  the  Association  of  Manufacturers  of 
Chilled  Car  Wheels  in  order  that  said  Association  may  at  all  times  be  informed 
as  to  the  purpose  of  the  Station.  The  results  also  shall  at  all  times  be  open 
to  the  inspection  and  use  of  the  representative  of  the  Association  of  Manu- 
facturers of  Chilled  Car  Wheels,  who  may  be  assumed  to  act  in  an  advisory 
capacity  to  the  Station. 

(3)  That  the  funds  of  the  Association  of  Manufacturers  of  Chilled 
Car  Wheels  are  to  be  drawn  upon  for  all  costs  of  labor  and  supplies  arising 
from  the  proposed  investigation.  If  equipment  is  required  in  excess  of  that 
already  available  to  the  Station,  it  will  be  provided  at  the  expense  of  the 
Association.  The  Station  will  supply  the  time  of  members  of  its  staff  for 
the  direction  of  the  work,  and  the  use  of  such  facilities  as  it  may  already 
possess. 

(4)  That  upon  tlie  approval  of  these  proposals  the  Association  of 
Manufacturers  of  Chilled  Car  Wlieels  will  at  once  transmit  to  the  Business 
Office  of  the  University  the  sum  of  $500  as  an  initial  deposit,  and  each 
month  thereafter  will  transmit  such  sum  or  sums  as  may  be  called  for  by 
estimates  of  the  costs  of  the  investigation  for  the  month  next   succeeding. 
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Funds  thus  supplied  are  to  constitute  a  credit  upon  which  the  Director  of 
the  Engineering  Experiment  Station  may  from  time  to  time  draw  to  cover 
the  costs  of  the  proposed  work.  It  will  be  the  purpose  to  maintain,  during 
the  lifetime  of  this  agreement,  a  balance  in  this  account  entirely  sufficient 
to  meet  all  charges  that  will  need  to  be  made  against  it. 

(5)     That  this  arrangement  will  continue  in  effect  until  canceled  through 
the  definite  action  of  one  or  both  of  the  parties  in  interest. 


L18T    OF 
PUBLICATIONS    OF    THE    ENGINEERINC;    EXPERIMENT    STATION 


Bulletin  No.  1.  Tests  of  Reinforced  Concrete  Beams,  by  Arthur  N.  Talbot. 
1904.     None   available. 

Circular  No.  1.  High-Speed  Tool  Steels,  by  L.  1'.  Breckenridge.  IDOr). 
None  availahlc. 

Bulletin  No.  2.  Tests  of  High-Speed  Tool  Steels  on  Cast  Iron,  by  L.  P. 
Breckenridge  and  Henry  B.  Dirks.     1905.     None  availahle. 

Circular  No.  2.  Drainage  of  Earth  Eoads,  by  Ira  O.  Baker.  19(iG.  None 
availahle. 

Circular  No.  3.  Fuel  Tests  with  Illinois  Coal  (Compiled  from  tests  made 
by  the  Technological  Branch  of  the  U.  S.  G.  S.,  at  the  St.  Louis,  Mo.,  Fuel  Test- 
ing Plant,  1904-1907),  by  L.  P.  Breckenridge  and  Paul  Diserens.  1908.  Thirtxi 
cents. 

Bulletin  No.  .?.  The  Engineering  Expeiiment  Station  of  the  University  of 
Illinois,  by  L.  P.  Breckeniidge.     1906.     None  availahle. 

Bulletin  No.  4.  Tests  of  Reinforced  Concrete  Beams,  Series  of  1905,  by 
Arthur  N.  Talbot.     1906.     Fortif-five  cents. 

Bulleti7i  No.  5.  Resistance  of  Tubes  to  Collapse,  by  Albert  P.  Carman  and 
M.  L.  Carr.     1906.     None  availahle. 

Bulletin  No.  6.  Holding  Power  of  Railroad  Spikes,  by  Roy  I.  Webber. 
1906.     None  availahle. 

Bulletin  No.  7.  Fuel  Tests  with  Illinois  Coals,  by  L.  P.  Breckenridge,  S.  W. 
Parr,  and  Henry  B.  Dirks.     1906.     None  availahle. 

Bulletin  No.  8.  Tests  of  Concrete:  I,  Shear;  II,  Bond,  by  Arthur  N.  Talbot. 
1906.     None  availahle. 

Bulletin  No.  9.  An  Extension  to  the  Dewey  Decimal  System  of  Classification 
Applied  to  the  Engineering  Industries,  by  L.  P.  Breckenridge  and  G.  A.  Goo<l- 
enough.      1906.     Revised  Edition,   1912.      Fiftji   rents. 

Bulletin  No.  10.  Tests  of  Concrete  and  Reinforced  Concrete  Columns,  Series 
of  1906,  by  Arthur  N.  Talbot.     1907.     None  availahle. 

BulletinNo.il.  The  Effect  of  Scale  on  the  Transmission  of  Heat  through 
Locomotive  Boiler  Tubes,  by  Edward  C.  Schmidt  and  John  M.  Snodgrass.  1907. 
None  availahle. 

Bulletin  No.  1'^.  Tests  of  Reinforced  Concrete  T-Beams,  Series  of  1906,  by 
Arthur  N.  Talbot.     1907.     None  availahle. 

Bulletin  No.  13.  An  Extension  of  the  Dewey  Decimal  System  of  Classification 
Applied  to  Architecture  and  Building,  by  N.  Clifford  Ricker.  1906.  None 
availahle. 

Bulletin  No.  14.  Tests  of  Reinforced  Concrete  Beams,  Series  of  1906,  by 
Arthur  N.  Talbot.     1907.     None  availahle. 
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Bulletin  No.  15.  How  to  Burn  Illinois  Coal  without  Smoke,  by  L.  P.  Breck- 
enridge.     1907.     None  available. 

Bulletin  No.  16.  A  Study  of  Roof  Trusses,  by  N.  Clifford  Ricker.  1907. 
None  available. 

Bulletin  No.  17.  The  Weathering  of  Coal,  by  S.  W.  Parr,  N.  D.  Hamilton, 
and  W.  F.  Wheeler.     1907.     None  available. 

Bulletin  No.  18.  The  Strength  of  Chain  Links,  by  G.  A.  Goodenough  and 
L.  E.  Moore.     1907.     Forty  cents. 

Bulletin  No.  19.  Comparative  Tests  of  Carbon,  Metallized  Carbon,  and  Tan- 
talum Filament  Lamps,  by  T.  H.  Amrine.     1907.     None  available. 

Bulletin  No.  20.  Tests  of  Concrete  and  Reinforced  Concrete  Columns,  Series 
of  1907,  by  Arthur  N.  Talbot.     1907.     None  available. 

Bulletin  No.  21.  Tests  of  a  Liquid  Air  Plant,  by  C.  S.  Hudson  and  C.  M. 
Garland.     1908.     Fifteen  cents. 

Bulletin  No.  22.  Tests  of  Cast-Iron  and  Reinforced  Concrete  Culvert  Pipe, 
by  Arthur  N.  Talbot.     1908.     None  available. 

Bulletin  No.  23.  Voids,  Settlement,  and  Weight  of  Crushed  Stone,  by  Ira  0. 
Baker.     1908.     Fifteen  cents. 

^Bulletin  No.  24.     The  Modification  of  Illinois  Coal  by  Low  Temperature  Dis- 
tillation, by  S.  W.  Parr  and  C.  K.  Francis.     1908.     Thirty  cents. 

Bulletin  No.  25.  Lighting  Country  Homes  by  Private  Electric  Plants,  by 
T.  H.  Amrine.     1908.     Twenty  cents. 

Bulletin  No.  26.  High  Steam-Pressure  in  Locomotive  Service.  A  Review  of 
a  Report  to  the  Carnegie  Institution  of  Washington,  by  W.  F.  M.  Goss.  1908. 
Twenty-five  cents. 

Bulletin  No.  27.  Tests  of  Brick  Columns  and  Terra  Cotta  Block  Columns,  by 
Arthur  N.  Talbot  and  Duff  A.  Abrams.     1908.     Twenty -five  cents. 

Bulletin  No.  28.  A  Test  of  Three  Large  Reinforced  Concrete  Beams,  by 
Arthur  N.  Talbot.     1908.    Fifteen  cents. 

Bulletin  No.  29.  Tests  of  Reinforced  Concrete  Beams:  Resistance  to  Web 
Stresses,  Series  of  1907  and  1908,  by  Arthur  N.  Talbot.    1909.    Forty-five  cents. 

Bulletin  No.  30.  On  the  Rate  of  Formation  of  Carbon  Monoxide  in  Gas 
Producers,  by  J.  K.  Clement,  L.  H.  Adams,  and  C.  N.  Haskins.  1909.  Twenty-five 
cents. 

Bulletin  No.  31.  Tests  with  House-Heating  Boilers,  by  J.  M.  Snodgrass. 
1909.     Fifty-five   cents. 

Bulletin  No.  32.  The  Occluded  Gases  in  Coal,  by  S.  W.  Parr  and  Perry 
Barker.     1909.     Fifteen  cents. 

Bulletin  No.  33.  Tests  of  Tungsten  Lamps,  by  T.  H.  Amrine  and  A.  Guell. 
1909.     Twenty  cents. 

*Bulletin  No.  34.     Tests  of  Two  Types  of  Tile-Roof  Furnaces  under  a  Water- 
Tube  Boiler,  by  J.  M.  Snodgrass.     1909.     Fifteen  cents. 


A  limited  number  of  copies  of  bulletins  starred  are  available  for  free  distribution. 
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Bulletin  No.  S5.     A    study    of    Base    uiul    Bearing    l*hi!es    for    ("oliimiis    and 
Beams,  by  N.  Clifford  Eic-ker.     1909.     None  available. 

Bulletiu   No.  36.     The   Thermal  Conductivity  of  Fire-Clay  at    High   Temper- 
atures, by  J.  K.  Clement  and  W.  L.  Egy.     1909.     Twenty  cents. 

Bulletin  No.  37.     Unit  Coal  and  the  Composition  of  Coal  Ash,  by  S.  W.  Parr 
and  W.  F.  Wheeler.     1909.     None  available. 

Bulletin  No.  38.     The    Weathering    of    Coal,    by    S.    W.    Parr    and    W.    F. 
Wheeler.     1909.     Twenty-five  cents. 

*Bulletin  No.  39.  Tests  of  Washed  Grades  of  Illinois  Coal,  by  C.  S.  McGovney. 
1909.    Seventy-five  cents. 

Bulletin  No.  40.     A  Study  in  Heat  Transmission,  by  J.  K.  Clement  and  C.  M. 
Garland.     1909.     Ten  cents. 

Bulletin  No.  41.     Tests    of    Timber    Beams,    by    Arthur    N.    Talbot.      1909. 
Thirty-five  cents. 

^Bulletin  No.  42.  The  Effect  of  Keyways  on  the  Strength  of  Shafts,  by  Her- 
bert F.  Moore.     1909.     Ten  cents. 

Bulletin  No.  43.     Freight   Train  Kesistance,  by   Edward  C.   Schmidt.     1910. 
Seve7ity-five  cents. 

Bulletin  No.  44.     An    Investigation    of    Built-up    Columns    under    Load,    by 
Arthur  N.  Talbot  and  Herbert  F.  Moore.     1910.     Thirty-five  cents. 

^Bulletin  No.  45.  The  Strength  of  Oxyacetylene  Welds  in  Steel,  by  Herbert 
L.  Whittemore.     1910.     Thirty-five  cents. 

Bulletin  No.  46.     The  Spontaneous  Combustion  of  Coal,  by  S.  W.  Parr  and 
F.  W.  Kressman.     1910.     Forty-five  cents. 

*Bulletin  No.  47.  Magnetic  Properties  of  Heusler  Alloys,  by  Edward  B. 
Stephenson.     1910.     Twenty-five  cents. 

^Bulletin  No.  48.  Kesistance  to  Flow  through  Locomotive  Water  Columns,  by 
Arthur  N.  Talbot  and  Melvin  L.  Enger.     1911.     Forty  cents. 

^Bulletin  No.  49.  Tests  of  Nickel-Steel  Eiveted  Joints,  by  Arthur  N.  Talbot 
and  Herbert  F.  Moore.     1911.     Thirty  cents. 

*Bulletin  No.  50.  Tests  of  a  Suction  Gas  Producer,  by  C.  M.  Garland  and 
A.  P.  Kratz.     1911.    Fifty  cents. 

Bulletin  No.  51.     Street  Lighting,  by  J.  M.  Bryant  and  H.  G.  Hake.     1911. 
Thirty -five  cents. 

"Bulletin  No.  52.  An  Investigation  of  the  Strength  of  Eolled  Zinc,  by  Herbert 
F.  Moore.     1911.     Fifteen  cents. 

"Bulletin  No.  53.  Inductance  of  Coils,  by  Morgan  Brooks  and  H.  M.  Turner. 
1912.    Forty  cents. 

"Bulletin  No.  54.  Mechanical  Stresses  in  Transmission  Lines,  by  A.  Guell. 
1912.     Twenty  cents. 

"Bulletin  No.  55.  Starting  Currents  of  Transformers,  with  Special  Keference 
to  Transformers  with  Silicon  Steel  Cores,  by  Trygve  D.  Yensen.  1912.  Twenty 
cents. 


A  limited  number  of  copies  of  bulletins  starred  are  available  for  free  distribution. 
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^Bulletin  No.  56.  Tests  of  Columns:  An  Investigation  of  the  Value  of  Con- 
crete as  Reinforcement  for  Structural  Steel  Columns,  by  Arthur  N.  Talbot  and 
Arthur  R.  Lord.     1912.     Twenty-five  cents. 

*Bulletm  No.  57.  Superheated  Steam  in  Locomotive  Service.  A  Review  of 
Publication  No.  127  of  the  Carnegie  Institution  of  Washington,  by  W.  F.  M. 
Goss.      1912.     Forty   cents. 

*Bulletin  No.  58.  A  New  Analysis  of  the  Cylinder  Performance  of  Recipro- 
cating Engines,  by  J.  Paul  Clayton.     1912.    Sixty  cents. 

"Bulletin  No.  59.  The  Effect  of  Cold  Weather  upon  Train  Resistance  and 
Tonnage  Rating,  by  Edward  C.  Schmi<lt  and  F.  W.  Marquis.  1912.  Twenty  cents. 
Bulletin  No.  60.  The  Coking  of  Coal  at  Low  Temperature,  with  a  Prelim- 
inary Study  of  the  By-Products,  by  S.  W.  Parr  and  H.  L.  Olin.  1912.  Twenty- 
five  cents. 

*  Bulletin  No.  61.  Characteristics  and  Limitations  of  the  Series  Transformer, 
by  A.  R.  Anderson  and  H.  R.  Woodrow.     1912.     Tiventy-five  cents. 

Bulletin  No.  62.     The  Electron  Theory  of  Magnetism,  by  Elmer  H.  Williams. 

1912.  Thirty-five  cents. 

Bulletin  No.  63.     Entropy-Temperature  and  Transmission  Diagrams  for  Air, 
by  C.  R.  Richards.     1913.     Tiventy-five  cents. 

*BuUetin  No.  64.  Tests  of  Reinforced  Concrete  Buildings  under  Load,  by 
Arthur  N.  Talbot  and  Willis  A.  Slater.     1913.     Fifty  cents. 

"Bulletin  No.  65.  The  Steam  Consumption  of  Locomotive  Engines  from  the 
Indicator  Diagrams,  by  J.  Paul  Clayton.     1913.     Forty  cents. 

Bulletin  No.  66.     The    Properties    of    Saturated   and    Superheated    Ammonia 
Vapor,  by  G.  A.  Goodenough  and  William  Earl  Moslier.     1913.     Fifty  cents. 

Bulletin  No.  67.     Reinforced  Concrete  Wall  Footings  and  Column  Footings, 
by  Arthur  N.  Talbot.     1913.     None  availahle. 

Bulletin  No.  68.     The  Strength  of  I-Beams  in  Flexure,  by  Herbert  F.  Moore. 

1913.  Twenty  cents. 

Bulletin  No.  69.     Coal  Washing  in  Illinois,  by  F.  C.  Lincoln.     1913.     Fifty 
cents. 

Bulletin  No.  70.     The   Mortnr-Making   Qualities  of   Illinois   Sands,   by  C.   C. 
Wiley.     1913.     Twenty  cents. 

BuUrtin  No.  71.     Tests   of   Bond   between    Concrete   and    Steel,    by    Duff   A, 
Abrams.      1913.      One   Dollar. 

"Bulletin  No.  72.  Magnetic  and  Other  Properties  of  Electrolytic  Iron  Melted 
in  Vacuo,  by  Trygve  D.  Yensen.     1914.     Forty  cents. 

liulU'tin   No.  73.     Acoustics  of  Auditoriums,  by  F.  R.  Watson.     IDU.     Twenty 
cents. 

^Bulletin  No.  74.  Tlie  Tractive  Resistance  of  a  28-Ton  Electric  Car,  by 
Harold  H.  Dunn.     1914.     Twenty-five  cents. 

Bulletin  No.  75.     Thermal  Properties  of  Steam,  by  G.  A.  Goodenougli.     1914. 
Thirty-five  cents. 


A  Htnitcd   nuinlxM-  of  <'oi)ips  of  l)uHetins  starred  are  available  for  free  distribution. 
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Bulletin  No.  76.     The  Analysis  of  Coal  with  ]*heiiol  as  a  Solvent,  by  S.  \V. 
Parr  and  H.  F.  Hadley.     1914.     Tivcnty-fivc  crnl.s. 

*  Bulletin  No.  77.  The  Effect  of  Boron  upon  the  Magnetic  ;ind  Other  Prop- 
erties of  Electrolytic  Iron  Melted  in  Vacuo,  by  Trygve  D.  Yeiison.  191;"),  7V/( 
cents. 

liiillrlin  No.  78.     A  Study  of  Boiler  Losses,  by  A.  \\   Knit/..     19in.     Thirlii- 
five  eeiits. 

^Bulletin  No.  7,0.  The  Coking  of  Coal  at  Low  Toniporatures,  with  SjJCcial 
Reference  to  the  Properties  and  Composition  of  the  Products,  l)y  S.  W.  Parr  and 
H.  L.  Olin.     1915.     Tirenty-five  cents. 

Bitlle1i)i  No.  80.  Wind  Stresses  in  the  Steel  Frames  of  Ollicc  BiiihliM,:;M,  \)\ 
W.  M.  Wilson  and  G.  A.  Maney.     1915.     Fifty  cents. 

Bulletin  No.  81.  Influence  of  Temperature  on  the  Strength  of  Concrete,  l)y 
A.  B.  McDaniel.     1915.     Fifteen  cents. 

Bulletin  No.  82.  Laboratory  Tests  of  a  Consolidation  Locomotive,  by  E.  C. 
Schmidt,  J.  M.  Snodgrass,  and  R.  B.  Keller.     1915.     Sixty-five  cents. 

^Bulletin  No.  83.  Magnetic^  and  Other  Properties  of  Iron-Silicon  Alloys, 
Melted  in  Vacuo,  by  Trygve  D.  Yensen.     1915.     Thirty-five  cents. 

Bulletin  No.  84.  Tests  of  Reinforced  Concrete  Flat  Slab  Structures,  ])y 
Arthur  N.  Talbot  and  W.  A.  Slater.     1916.     Sixty-five  cents. 

*Bulleti}i  No.  85.  The  Strength  and  Stiffness  of  Steel  under  Biaxial  Loading, 
])y  A.  J.  Becker.     1916.     Tliirty-five  cents. 

Bulletin  No.  86.  Tlie  Strength  of  I-Beams  and  fUrders,  by  Herbert  F. 
Moore  and  W.  M.  Wilson.     1916.     Thirty  cents. 

*Bulletin  No.  87.  Correction  of  Echoes  in  the  Auditorium,  University  of  Illi- 
nois, by  F.  R.  Watson  and  J.  M.  White.     1916.    Fifteen  cents. 

Bulletin  No.  88.  Dry  Preparation  of  Bituminous  Coal  at  Illinois  Mines,  by 
E.  A.  Holbrook.     1916.     Seventy  cents. 

Bulletin  No.  89.  Specific  Gravity  Studies  of  Illinois  Coal,  by  Merle  L. 
Nebel.     1916.     Thirty  cents. 

*  Bulletin  No.  90.  Some  Graphical  Solutions  of  Electric  Railway  Problems,  by 
A.  M.  Buck.     1916.     Twenty  cents. 

Bulletin  No.  91.  Subsidence  Resulting  from  Mining,  by  L.  E.  Young  and 
H.  H.  Stoek.     1916.     None  availahle. 

""Bulletin  No.  92.  The  Tractive  Resistance  on  Curves  of  a  2S-Ton  Electric 
Car,  by  E.  C.  Schmidt  and  H.  H.  Dunn.     1916.     Twenty- five  cents. 

*Bulletin  No.  93.  A  Preliminary  Study  of  the  Alloys  of  Chromium,  Copper, 
and  Nickel,  by  D.  F.  McFarland  and  O.  E.  Harder.    1916.     Thirty  cents. 

^Bulletin  No.  94.  The  Embrittling  Action  of  Sodium  Hydroxide  on  Soft  Steel, 
by  S.  W.  Parr.     1917.     Thirty  cents. 

*  Bulletin  No.  95.  Magnetic  and  Other  Properties  of  Iron- Aluminum  Alloys 
Melted  in  Vacuo,  by  T.  D.  Yensen  and  W.  A.  Gatward.     1917.     Twenty-five  cents. 


*  A  limited  number  of  copies  of  bulletins  starred  are  available   for  free  distribution. 


102  PUBLICATIONS   OF  THE  EXGINEERIXG   EXPERIMENT   STATION 

*Bulletin  No.  96.  The  Effect  of  Mouthpieces  on  the  Flow  of  Water  through 
a  Submerged  Short  Pipe,  by  Fred  B  Seely.     1917.     Twenty-five  cents. 

*Bulletin  No.  97.  Effects  of  Storage  upon  tlie  Properties  of  Coal,  by  S.  W. 
Parr.     1917.     Twenty  cents. 

^Bulletin  No.  98.  Tests  of  Oxyacetylene  Welded  Joints  in  Steel  Plates,  by 
Herbert  F.  Moore.     1917.      Ten  cents. 

Circular  No.  4.  The  Economical  Purchase  and  Use  of  Coal  for  Heating 
Homes,  with  Special  Reference  to  Conditions  in  Illinois.     1917.     Ten  cents. 

*  Bulletin  No.  99.  The  Collapse  of  Short  Thin  Tubes,  by  A.  P.  Carman.  1917. 
Twenty  cents. 

*Circular  No.  5.  The  Utilization  of  Pyrite  Occurring  in  Illinois  Bituminous 
Coal,  by  E.  A.  Holbrook.     1917.     Twenty  cents. 

*  Bulletin  No.  100.  Percentage  of  Extraction  of  Bituminous  Coal  with  Special 
Reference  to  Illinois  Conditions,  by  C.  M.  Young.     1917. 

*BulletinNo.  101.  Comparative  Tests  of  Six  Sizes  of  Illinois  Coal  on  a  Mi- 
kado Locomotive,  by  E.  C.  Schmidt,  J.  M.  Snodgrass,  and  0.  S.  Beyer,  Jr.  1917. 
Fifty  cents. 

*  Bulletin  No.  102.  A  Study  of  the  Heat  Transmission  of  Building  Materials, 
by  A.  C.  Willard  and  L.  C.  Lichty.     1917.     Twenty-five  cents. 

^Bulletin  No.  103.  An  Investigation  of  Twist  Drills,  by  B.  Benedict  and  W. 
P.  Lukens.     1917.     Sixty  cents. 

*  Bulletin  No.  104.  Tests  to  Determine  the  Rigidity  of  Riveted  Joints  of  Steel 
Structures,  by  W.  M.  Wilson  and  H.  F.  Moore.     1917.     Twenty-five  cents. 

Circular  No.  6.  The  Storage  of  Bituminous  Coal,  by  H.  H.  Stoek.  1918. 
Forty  cents. 

Circular  No.  7.  Fuel  Economy  in  the  Operation  of  Hand  Fired  Power 
Plants.     1918.     Twenty  cents. 

*  Bulletin  No.  105.  Hydraulic  Experiments  with  Valves,  Orifices,  Hose,  Noz- 
zles, and  Orifice  Buckets,  by  Arthur  N.  Talbot,  Fred  B  Seely,  Virgil  R.  Fleming, 
and  Melvin  L.  Enger.     1918.     Thirty-five  cents. 

*  Bulletin  No.  106.  Test  of  a  Flat  Slab  Floor  of  the  Western  Newspaper 
Union  Building,  by  Arthur  N.  Talbot  and  Harrison  F.  Gonnerman.  1918.  Twenty 
cents. 

Circular  No.  8.  The  Economical  Use  of  Coal  in  Railway  Locomotives. 
1918.     Twenty  cents. 

*Bulletin  No.  107.  Analysis  and  Tests  of  Rigidly  Connected  Reinforced  Con- 
crete Frames,  by  Mikishi  Abe.     1918.    Fifty  cents. 

*Bulletin  No.  108.  Analysis  of  Statically  Indeterminate  Structures  by  the 
Slope  Deflection  Method,  by  W.  M.  Wilson,  F.  E.  Richart,  and  Camillo  Weiss.  1918. 
Ojie  dollar. 

^Bulletin  No.  109.  The  Pipe  Orifice  as  a  Means  of  Measuring  Flow  of  Water 
through  a  Pipe,  by  R.  E.  Davis  and  H.  H.  Jordan,  1918.     Twenty-five  cents. 

"Bulletin  No.  110.  Passenger  Train  Resistance,  by  E.  C.  Schmidt  and  H.  H. 
Dunn.     1918.     Twenty  cents. 
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^Bulletin  No.  111.  A  Study  of  the  Forms  in  which  Sulphur  Occurs  in  Coal,  by 
A.  R.  Powell  with  S.  W.  Parr.     1919.     Thirty  cents. 

*BulletinNo.  lis.  Report  of  Progress  in  Warm-Air  Furnace  Research,  by 
A.  C.  Willard.     1919.     Thirty-five  cents. 

*Bullctin  No.  113.  Panel  System  of  Coal  Mining.  A  Graphical  Study  of  Per- 
centage of  Extraction,  by  C.  M.  Young.     1919. 

*Bulletin  No.  114.     Corona  Discharge,  by  Earle  H.  Warner  with  Jakob  Kunz. 

1919.  Seventy-five  cents. 

*  Bulletin  No.  115.  The  Relation  between  the  Elastic  Strengths  of  Steel  in 
Tension,  Compression,  and  Shear,  by  F.  B.  Seely  and  W.  J.  Putnam.  1920. 
Twenty  cents. 

Bulletin  No.  116.  Bituminous  Coal  Storage  Practice,  by  H.  H.  Stoek,  C.  W. 
Hippard,  and  W.  D.  Langtry.    1920.    Seventy-five  cents. 

*Bulletin  No.  117.     Emissivity  of  Heat  from  Various  Surfaces,  by  V.  S.  Day. 

1920.  Twenty  cents. 

*  Bulletin  No.  118.  Dissolved  Gases  in  Glass,  by  E.  W.  Washburn,  F.  F.  Footitt,' 
and  E.  N.  Bunting.     1920.     Twenty  cents. 

*  Bulletin  No.  119.  Some  Conditions  Affecting  the  Usefulness  of  Iron  Oxide  for 
City  Gas  Purification,  by  W.  A.  Dunkley.     1921. 

^Circular  No.  9.  The  Functions  of  the  Engineering  Experiment  Station  of 
the  University  of  Illinois,  by  C.  R.  Richards.     1921. 

*Bulletin  No.  120.  Investigation  of  Warm-Air  Furnaces  and  Heating  Systems, 
by  A.  C.  Willard,  A.  P.  Kratz,  and  V.  S.  Day.     1921.     Seventy-five  cents. 

*  Bulletin  No.  121.  The  Volute  in  Architecture  and  Architectural  Decoration,  by 
Rexford  Newcomb.     1921.     Forty-five  cents. 

*  Bulletin  No.  122.  The  Thermal  Conductivity  and  Diffusivity  of  Concrete,  by 
A.  P.  Carman  and  R.  A.  Nelson.     1921.     Twenty  cents. 

*  Bulletin  No.  123.  Studies  on  Cooling  of  Fresh  Concrete  in  Freezing  Weather 
by  Tokujiro  Yoshida.     1921.     Thirty  cents. 

*Bulletin  No.  124.  An  Investigation  of  the  Fatigue  of  Metals,  by  H.  F.  Moore 
and  J.  B.  Kommers.     1921.     Ninety-five  cents. 

^Bulletin  No.  125.  The  Distribution  of  the  Forms  of  Sulphur  in  the  Coal  Bed, 
by  H.  F.  Yancey  and  Thomas  Fraser.     1921. 

*Bulletin  No.  126.  A  Study  of  the  Effect  of  Moisture  Content  upon  the  Ex- 
pansion  and   Contraction   of   Plain  and   Reinforced   Concrete,   by   T.   Matsumoto. 

1921.  Twenty  cents. 

*Bulletin  No.  127.  Sound-Proof  Partitions  by  F.  R.  Watson.  1922.  Forty- 
five  cents. 

*  Bulletin  No.  128.  The  Ignition  Temperature  of  Coal,  by  R.  W.  Arms.  1922. 
Thirty-five  cents. 

*Bulletin  No.  129.  An  Investigation  of  the  Properties  of  Chilled  Iron  Car 
Wheels,  by  J.  M.  Snodgrass  and  F.  M.  Guldner.     1922.     Fifty-five  cents. 

*  A  limited  number  of  copies  of  bulletins  starred  are  available  for  free  distribution. 
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